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GENERAL INTRODUCTION 

American Chemical Society’s Series of Chemical Monographs 

By arrangement with the Interallied Conference of Pure and Applied 
Chemistry, which met in London and Brussels in July, 1919, the American 
Chemical Society was to undertake the production and publication of 
Scientific and Technologic Monographs on chemical subjects. At the same 
time it was agreed that the National Research Council, in cooperation with 
the American Chemical Society and the American Physical Society, should 
undertake the production and publication of Critical Tables of Chemical 
and Physical Constants. The American Chemical Society and the National 
Research Council mutually agreed to care for these two fields of chemical 
progress. The American Chemical Society named as Trustees, to make the 
necessary arrangements of the publication of the Monographs, Charles L. 
Parsons, secretary of the Society, Washington, D. C.; the late John E. 
Teeple, then treasurer of the Society, New York; and the late Professor 
Gellert Alleman of Swarthmore College. The Trustees arranged for the pub¬ 
lication of the ACS Series of (a) Scientific and (b) Technological Mono¬ 
graphs by the Chemical Catalog Company, Inc. (Reinhold Publishing 
Corporation, successor) of New York. 

The Council of the American Chemical Society, acting through its Com¬ 
mittee on National Policy, appointed editors (the present list of whom 
appears at the close of this sketch) to select authors of competent authority 
in their respective fields and to consider critically the manuscripts submitted. 

The first Monograph of the Series appeared in 1921. After twenty-three 
years of experience certain modifications of general policy were indicated. 
In the beginning there still remained from the preceding five decades a 
distinct though arbitrary differentiation between so-called “pure science” 
publications and technologic or applied science literature. By 1944 this 
differentiation was fast becoming nebulous. Research in private enterprise 
had grown apace and not a little of it was pursued on the frontiers of knowl¬ 
edge. Furthermore, most workers in the sciences were coming to see the 
artificiality of the separation. The methods of both groups of workers are 
the same. They employ the same instrumentalities, and frankly recognize 
that their objectives are common, namely, the search for new knowledge 
for the service of man. The officers of the Society therefore combined the 
two editorial Boards in a single Board of twelve representative members. 

Also in the beginning of the Series, it seemed expedient to construe 
rather broadly the definition of a Monograph. Needs of workers had to be 
recognized. Consequently among the first hundred Monographs appeared 
works in the form of treatises covering in some instances rather broad areas. 
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Because such necessary works do not now want for publishers, it is con¬ 
sidered advisable to hew more strictly to the line of the Monograph charac¬ 
ter, which means more complete and critical treatment of relatively re¬ 
stricted areas, and, where a broader field needs coverage, to subdivide it 
into logical subareas. The prodigious expansion of new knowledge makes 
such a change desirable. 

These Monographs are intended to serve two principal purposes: first, 
to make available to chemists a thorough treatment of a selected area in 
form usable by persons working in more or less unrelated fields to the end 
that they may correlate their own work with a larger area of physical 
science discipline; second, to stimulate further research in the specific 
field treated. To implement this purpose the authors of Monographs are 
expected to give extended references to the literature. Where the literature 
is of such volume that a complete bibliography is impracticable, the authors 
are expected to append a list of references critically selected on the basis of 
their relative importance and significance. 
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PREFACE 


It has been twenty years and more since a book on glycerol has been 
nublished. (“Glycerol and the Glycols,” by James \V. Lawne in 1928. Das 
Glycerin,” by Dr. Eng. Ernst Schlenker in 1932.) In the succeeding years 
there have been important advances in the technology of recovering and 
refining glycerol, the commercial synthesis of glycerol from propylene has 
been accomplished, major new uses have developed, additional information 
on the properties of glycerol has been recorded, and new and improved 
methods of analysis are being used. It is the purpose of this Monograph to 
combine this new information with older information which is still pertinent 
so that the whole will be readily available in one publication. 

It is realized that the skill and experience required to operate a glycerine 
refinery cannot be transmitted successfully through a book. The chapters 
covering these subjects are not designed to serve as an operator’s manual, 
but rather to give helpful information to those who require a general 
knowledge of the subject. The remaining chapters of the book provide 
methods and data for those who use glycerine. 

Definition: “Glycerol” vs. “ Glycerine ” 

Chemical compounds that were known before the science of chemistry 
was well established frequently have a common name more or less different 
from the name that they receive in systematic chemical nomenclature. 
This is true of glycerol. The name “glycerol” is accepted as a proper chemi¬ 
cal name for the compound CH»OH—CIIOH—CH 2 OH, which may also 
be called 1,2,3-propanetriol. However, the name “glycerine” is so firmly 
embedded in common usage that it must also be recognized. “Glycerol” is 
generally used to designate it as a chemical substance and places emphasis 
upon its inherent characteristics. “Glycerine” refers to commercial products 
of whatever grade or degree of purity. These usages of the two words are 
followed in this Monograph. 


Chicago, Illinois 
December, 1952 


Carl S. Miner 
N. N. Dalton 
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1. HISTORY AND ECONOMICS 

N. N. Dalton 

Research Consultant, The Glycerine Producers Association (Retired) 

and 

Joyce C. Kern 

The Glycerine Producer's Association 

Soaps made from glycerides have been used as cleansers for over 2,000 
years, yet, the origin and chemical structure of glycerol, which is produced 
with the soaps, were unknown 200 years ago. 

It was not until 1779 that Scheele, the Swedish chemist, accidentally 
isolated glycerol while heating a mixture of olive oil and litharge. He later 
determined that other metals and other glycerides give the same chemical 
reaction to form soaps and glycerol. Because of the very sweet taste of 
the isolated glycerol, Scheele named the product “the sweet principle of 
fat” and described the method of preparation in the Transactions of the 
Royal Academy of Sweden in 1783. This method of preparation continued 
for some time for the production of glycerol on a commercial scale. In 1811, 
Chevreul named the product “glycerol” from the Greek word meaning 
“sweet”. In 1823, he obtained the first patent for the production of fatty 
acids by treating fats with an alkali, hydrolyzing the resulting soap with 
sulfuric acid and recovering glycerol from the water. In 1836, Pelouze 
announced the empirical formula as C 3 H 8 0 3 and the accepted structure 
C 3 H 8 (OH) 3 was established by Berthelot and Lucca in 1883. 

The reaction of glycerol with nitric acid to form nitroglycerine was 
reported by Sobrero. in 1846. Twenty years later, Alfred Nobel and his 
brother succeeded in incorporating nitroglycerine in kicselguhr. This per¬ 
mitted safe handling of nitroglycerine and brought about the production 
of dynamite. About ten years later, Nobel mixed nitroglycerine with 
nitrocellulose, and thus prepared blasting gelatin. It is interesting to note 
that during this same period, Perkin’s work with synthetic dyes led to 
the use of glycerol in the textile and printing industry, and that Berzelius 
reported a resinous product obtained by combining glycerol and tartaric 
acid. In 1856 Bemmelin described similar reactions of glycerol with suc¬ 
cinic acid and with citric acid. The products were forerunners of today’s 
alkyd resins. Synthesis of glycerol from propylene, which was not to 
become a commercial reality until 1948, was suggested by Berthelot in the 
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latter part of the century. During the same period, many investigators 
studied the possibility of producing glycerol from propane. 

Glycerol is widely distributed in nature in the form of glycerides. The 
glycerides, such as lard, butter and vegetable oils, find their way mostly 
into edible products and are basic components of the diet. Large quantities 
are also used in paints and varnishes. Their source of supply is inexhaustible 
so long as plants and animals grow. Glycerol occurs in the free state in fer¬ 
mented products, hence, is present in small quantities in wines and beers. 
Since glycerol is a natural product of the fermentation process, efforts to 
produce it by fermentation have been frequent. During World War I 
Germany was reported to have produced 4,000,000 pounds of glycerol per 
year from sugar beets. Italy started a large rice fermentation plant at 
Milan during her Ethiopian campaign, and shortly before the last war, 
South Africa claimed to have a sugar fermentation project in operation. 
One of the largest chemical producers in the United States built a trial 
fermentation plant for glycerol after World War I, but later abandoned it 
During World War II a leading domestic distiller tried to recover glycerol 
from distillery wastes, but the difficulties encountered were reported as 
discouraging. In World War II, Germany produced a mixture of glycerol, 
polyalcohols and glycols by the hydrogenolysis of carbohydrates. Neither 
this mixture, nor any of the fermentation products, have been found 
suitable for nitration. However, efforts are still being made to produce 
glycerol from molasses or sugar. A complete study on fermentation as 
a source of glycerol has been prepared.* 

While this study and experimentation on the commercial production of 
glycerol by fermentation has occupied many people and a great deal of 
money, the major source of glycerol today is the soap kettle. Until the 
beginning of the twentieth century, the largest percentage of glycerol was 
produced in the manufacture of stearin candles. This is no longer a sig¬ 
nificant source of glycerol, since stearin candles have been largely replaced 
by petroleum products and electric lights. Today the soap industry con¬ 
tributes about 65 per cent of the glycerol produced in the United States. 
The remainder comes from fat splitting and from propylene by synthesis. 

The adaptation of glycerol for commercial purposes was initially slow. 
The first commercial use of glycerol, aside from dynamite, was in the French 
textile mills, where it was found that its use permitted the handling of 
threads at low humidity without breakage. Since that time, its chemical 
and physical properties have been utilized by combination or mixing with 
many products. The uses found for glycerol have been so extensive that 
for the past thirty years it has been considered an excellent barometer of 
industrial activity. Figure 1-1 graphs the Federal Reserve Board’s index 
of industrial activity for durable and nondurable goods in the United States 

• R. S. Aries for Sugar Research Foundation, 52 Wall Street, New York. 
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since 1935 against consumption of glycerol for the same period. It 
seen from this that glycerol consumption closely parallels industrial pro¬ 
duction. The exception to this was during World War II, when the go 
ment, in anticipation of shortages, allocated glycerol and greatly reduced or 
eliminated its use in various civilian products. 


Glycerol in the World Economy 

Less than seventy-five years ago, world economy and the wealth of 
nations depended largely on agriculture and transportation, supplemented 
by those metals, fuels, and chemicals which could be procured by scratching 
the earth’s crust. Our present era of industrial progress received great im¬ 
petus when Alfred Nobel, after twenty years of patient experimentation 
succeeded in adapting nitroglycerine to safe industrial use in the form of 



Figure 1-1. Glycerine disappearance vs. industrial production. 


dynamite and blasting gelatine. This discovery made available the tre¬ 
mendous and previously inaccessible underground wealth of fuels, metals 
and chemicals from which ensuing chemicdl and technical progress de¬ 
veloped. 

It is interesting to contemplate the effect of explosives on the develop¬ 
ment of civilization in some parts of the world. Prior to the development of 
mining with high explosives, the principal economic desire of the human 
race, after food and survival, was the search for surface metals. The search 
for gold has been a primary motive in the exploration of large areas of the 
world’s surface, but without high explosives for depth mining, the re¬ 
covery of gold and other metals depended on surface outcroppings and 
alluvial deposits. 

South Africa is the best example of an area whose basic economy is 
built on gold mining. Until 1886, the area was almost entirely agricultural, 
and aside from the Kimberly diamond fields, the principal industry was 
wagon making. After discovery of the Witwatersrand lode, and the building 
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of railroads to the Cape ports, small industries were established to supply 
the population that came in with the gold rush. These small industries 
received a great impetus during World War I, but until the late twenties 
the Rand gold production tended to decline because of increasing operation 
costs and threatened exhaustion of the mine. The world departure from a 
fixed price of gold, as initiated by Great Britain in 1931, and followed by 
the United States in 1933, created increased currency values for gold 
which permitted the Rand mines to recover profitably lower-grade ore at 
greater depths with increased use of explosives. Population follows a gold 
rush and an increase in population requires services, which in turn tend to 
build a well-rounded self-sufficient economy. The economic development of 
South Africa has been paralleled in varying degrees in other areas, where 
oil, coal or other materials have been developed through the use of nitro¬ 
glycerine explosives. 

In the over-all world picture, the impact of two world wars on the move¬ 
ment of fats and oils for soap-making and glycerol production is note¬ 
worthy. Immediately prior to World War I, the world production of 
glycerol was estimated at 90 to 100 million pounds per year. At that time 
the United States produced approximately 40 million pounds annually, and 
in addition imported almost as much from Europe to satisfy the total 
domestic requirements. During World War I, the United States with its 
ample supplies of fats, practically doubled its domestic production and 
exported glycerol to the allies. During the period between the two wars, 
the United States production continued to increase, but the use of glycerol 
rose even faster and this country consistently imported more than it 
exported. Also in this period, and as a result of World War I, there was a 
gradual shifting of world production into new areas. French production 
declined, Russian production, as indicated by its exportable surplus, grad¬ 
ually increased, while South America, Japan and some areas in the Far 
East became more important as producers and exporters of glycerol. This 
redistribution of production was partly due to increasing population. Ready 
access to fat supplies in the new areas and tariff barriers designed to build 
up national domestic economies helped to make the change. 

World Production 

The production of glycerol in any country must be appraised in relation 
to other parts of the world. Many areas have no regular production and 
still fewer have authentic production statistics. 

Societ4 Francaise des Glycerine has divided the early history of glycerol 
production into thirty year periods, beginning in 1872, in which year the 
world production was estimated at 22 million pounds of crude glycerol. 
In 1902, the estimate was 148 million pounds; and in 1932 it had reached 
282 million pounds. According to the same source, production was esti- 



HISTORY AND ECONOMICS 


5 


mated at 334 million pounds by 1934. Other reliable sources indicate that 
with the expectation of war, and consequent increase in industrial activity, 
the world production by 1939 had reached approximately 375 million 
pounds, of which the United States produced about 185 million pounds. A 
fairly good general rule to follow in figuring glycerol production is that the 
United States produces about one-ha4f of the world supply. With increased 
soap production and fat supplies after World War II, world production 
in 1950 was estimated at about 500,000,000 pounds. 

Normally, production is concentrated in those areas which have the 
highest standard of cleanliness and the highest per capita consumption of 
soap. Similarly, these areas usually have the highest per capita consumption 

of glycerol. . . 

Great Britain. Great Britain is one of the major producers of glycerol. 


Table 1-1. Estimated World Production in Pounds 
(80% Crude Basis) 



1902 

1932 

1934 

United States. 

33,000,000 

134,000,000 

153,000,000 

Europe. 

North and South America (other 

109,800,000 

119,380,000 

142,200,000 

than U. S.). 

5,500,000 

11,200,000 

12,500,000 

Asia. 

— 

16,700,000 

18,200,000 

Africa. 

— 

500,000 

3,300,000 

Australia. 

— 

— 

4,850,000 


148,300,000 

281,780,000 

334,050,000 • 


No accurate statistics for her production prior to 1940 are available, but 
reliable estimates put the figure at from 44,800,000 to 67,200,000 pounds 
of 80 per cent crude per year during the period from 1910 to 1940. From 
1941 on, British production figures are available as: 



(Lbs.) 

1941 

63,616,000 

1942 

58,240,000 

1943 

53,984,000 

1944 

55,552,000 

1945 

58,240,000 

1946 

46,592,000 

1947 

45,696,000 

1948 

50,400,000 

1949 

59,653,000 

1950 

70,780,000 


Production of glycerol in Britain during World War II was limited chiefly 
by the supply of raw materials to the soap industry. The world shortage 
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of fats, which resulted from the outbreak of war in the Pacific in 1941, 
tended to divert to edible purposes what little there was of those oils, such 
as coconut and palm kernel, which give the largest yields of glycerol. During 
and following World War II, allocations of raw materials for soap-making 
included as much as 30 per cent of residues from the refining of edible oils. 
These residues yield less glycerol thamnew oils. 

Traditionally, British glycerol production has exceeded consumption, 
with the result that Britain has been a net exporting nation. This position 
was reversed during the 1939-1945 war years, when Britain turned to im¬ 
ports. Since 1945 Britain has relied on her own production, but did not 
resume exporting, with one exception, until 1950. Despite domestic short¬ 
ages regular exports have been made to South Africa, whose essential 
mining industries are dependent upon an uninterrupted supply of industrial 
explosives. Since the early part of 1951, Britain has been exporting small 
quantities of glycerol as part of her over-all export recovery plan. 

The glycerol producers of Britain operate through the United Kingdom 
Glycerine Producer’s Association, Ltd., which is both a trade association 
and a large merchandising organization. This group, formed in 1919, plays 
an important part in the United Kingdom glycerol market. 

During and immediately after World War II, close contact with govern¬ 
ment authorities was necessary in order to insure distribution of glycerol 
in accordance with priorities, and in effect the Association became tem¬ 
porarily a semi-official body and an instrument of the British Board of 
Trade. Throughout the period of shortage, membership in the Association 
was obligatory to all producers so that control could be exercised over the 
whole production of the country. 

The .Association, by entering into long-term contracts with large local 
and overseas consumers, has exercised a stabilizing influence on the market 
and protected both producers and consumers from the influence of specu¬ 
lators. Thus, violent fluctuations in price have been avoided and, at the 
same time, price levels have been maintained. 

Europe. France, prior to World War II, was one of the world’s major 
producers of glycerol and the largest United States source of imported 
glycerol. However, during the war and occupation France moved most of 
her soap plants to North Africa, and since the end of the war has been 
slow in re-establishing them on the European continent. As a result, she is 
no longer a major producer of glycerol for the United States market. Most 
French export glycerol goes to the western zone of Germany. France, which 
exported 5 million pounds of glycerol to the United States annually, today 
produces in the neighborhood of 12 million pounds, which just about meets 
her domestic requirements. 

Another European country whose position is reversed as a result of 
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the war is Germany. Prior to World War II, Germany produced about 20 
million pounds per year, but today depends almost entirely on ‘sports. 
Prior to the war she consumed just about all of the glycerol produced there 
and her imports were negligible. Today, the production of Western Ger¬ 
many is about 2 million pounds and the consumption nearly 12 million 

^Just* before the war, Russia was exporting fairly large quantities of 
glycerol. Of course, no accurate estimate of Russian production exists, but 
periodically she has offered large quantities of glycerol for export. 

Argentina. The Argentine has become an important factor in world pro¬ 
duction of recent years. Since the Argentine uses no more than 30 to 40 
per cent of her glycerol for domestic consumption, the remainder is avail¬ 
able for export. Argentine production of about 12 million pounds per year 
leaves about 7 million for export after domestic requirements are met. 

Cuba. For many years, Cuba has exported about 3 million pounds per 
year. Her domestic demands are small and her production steady. As a 
result, a small but consistent amount is exported to the United States 


annually. 

United States. For many years the United States has been the largest 
producer of glycerol in the world, as well as the largest consumer. Since 
1920, when records were first kept, annual production has increased over 
400 per cent from 43 million pounds (100 per cent basis) to 226 million 
pounds. The principal reason for this is the large consumption of soap in 
the United States and the high industrial activity. While the United States 
has been an import nation during this same thirty years, our imports now 
amount to less than 10 per cent of our production. These imports consist 
. mostly of unwanted foreign surplus, which under reciprocal trade treaties, 
have found their most favorable outlet in the United States. 

Table 1-2, based on United States Census Bureau production figures 
as converted to 100 per cent glycerol content, show United States produc¬ 


tion since 1919. 

The curtailment of production in 1945 and 1946 was due to reduced allo¬ 
cations of fats for soap-making purposes. 

Production of glycerol in the United States from 1940 to 1952 according 
to source is shown in Figure 1-2. The production of 1952 is estimated. 

The beginning of World War II found the United States producing and 
consuming about one-half of the total world glycerol supply. During this 
war, Japanese military successes in the Far East sequestered large supplies 
of fats on which both Europe and the United States had depended for food 
and the production of soap and glycerol. In the United States a notable 
domestic increase in fat and oil production partially compensated for the 
loss of Far East sources of supply. The European countries were not so 
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fortunately situated in this respect, and it is probable that by the end of 
the war, the United States was producing three-fourths of the world glycerol 
supply. 


Table 1-2. Glycerol Production in the United States 
(In Terms of Absolute Glycerol 100% Basis) 


Year 

Production 

Year 

Production 

1920 

43,750,636 

1936 

123,276,768 

1921 

51,157,401 

1937 

135,230,967 

1922 

68,269,627 

1938 

129,696,056 

1923 

79,663,024 

1939 

147,581,116 

1924 

76,123,047 

1940 

157,856,000 

1925 

82,725,554 

1941 

195,283,000 

1926 

93,095,366 

1942 

177,435,000 

1927 

102,566,914 

1943 

171,933,000 

1928 

104,399,594 

1944 

199,834,000 

1929 

112,063,651 

1945 

172,450,000 

1930 

110,940,152 

1946 

156,823,000 

1931 

112,001,283 

1947 

207,768,000 

1932 

107,135,060 

1948 

195,837,000 

1933 

95,849,318 

1949 

193,849,000 

1934 

1935 

122,492,370 

112,947,860 

1950 

225,512,000 



Figure 1-2. Glycerol production by source United States. 1940-1952 (1952 Esti¬ 
mated). 

Table 1-3 gives United States Bureau of the Census figures on United 
States production, imports, exports, stocks and disappearance since 1919. 
These figures are considered quite reliable, although it should be noted that 
(1) some small producers may not report, (2) not all consumers report their 
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stocks, and (3) some producers use a part of their own production as an 

ingredient of other products they make. 

The United States has historically been an importing nation m the 
glycerol market. Most of this is imported as crude, while exports are refined 


Table 1-3. 

Glycerol Disappearance in the United States 


Annually, 1920 to Date, In Terms of Absolute Glycerol (100% Basis) 


Year 

Stocks at 
Beginning 

Production 
of Crude* 

Imports 

Exports 

Stocks 
at End 

Disappearance 

Excess of 
Disappearance 
Over 

Production 

1920 


43,750.636 

17,893.620 

1.707.854 

18.260,117 

52.910.094 

9.165.453 

1921 

18,260.117 

51.157.401 

2.216.300 

2,346.820. 

21.328.803 

47.958.195 

-3,109,206 

1922 

21.328.803 

63,260,627 

2.909.654 

2,813.053 

20.714.831 

68.980.200 

710,573 

1923 

20.714.831 

79.663.024 

12,213.004 

1,732.059 

20.764.343 

90.094,457 

10,431.433 

1921 

20.764.343 

76.123.047 

13.012.274 

1,387.564 

21.035,207 

87.470.893 

11,353,840 

1025 

21.035.207 

82.725.554 

17.414.457 

1.339.847 

12.370.900 

107,464.465 

24.738.011 

1926 

12.370.906 

03.095.366 

32,749.153 

752.344 

20.971.274 

116.491.807 

23.390.441 

1927 

20.971.274 

102,566.914 

20.083,743 

679.281 

36.518.463 

106.424,187 

3.857.273 

1928 

36.518,463 

104,399.594 

7.789.335 

2.010,898 

31.646.572 

115.049.922 

10.050.328 

1920 

31.016.572 

112.063,654 

17.064,990 

1,346,133 ' 

26.664.664 

132.764.419 

20.700.765 

1930 

26.664.664 

110,910.152 

11.989.428 

595,536 

25.870.942 

123.118,766 

12,178.614 

1931 

25.879.042 

112.001,283 

10.032.594 

321,580 

34,427,212 

113.165.027 

1,163,744 

1932 

34.427,212 

107,135.060 

6.606.361 

255,132 

44.501.867 

I03.411.C34 

-3.723,426 

1033 

44,501,867 

95.819.318 

7.893.642 

N.S. 

24.196.947 

124.052.8S0 

28.203.562 

1034 

24,196.047 

122,492.370 

14,090.205 

N.S. 

32.982.437 

127.707.085 

5.304.715 

1935 

32.082.437 

112,947.860 

6,643,942 

3.286.552 

34.402.652 

114.885.035 

1,937,175 

1936 

34,402.652 

123,276,768 

12.297,726 

1.123,105 

31.183.820 

137,070.221 

14,303.453 

1937 

31.183.820 

135.230.967 

18.109.306 

1,347.535 

56.079.690 

127.096.868 

-8,134,009 

1933 

56.070.690 

129.606.056 

12.994.0S3 

3,671.293 

77.669.115 

117.429,421 

-12.266,615 

1039 

77,660.115 

147.531.116 

9,113.661 

7.250.707 

70.888.926 

156.224.250 

8.643.143 

1010 

70.883.926 

167,856.000 

7,569.260 

12.130.919 

72.119.960 

152.063.307 

-5.702.603 

1011 

72,119.060 

195.283.000 

8,304.785 

9.449,753 

60.349.000 

205,908,992 

10,025.992 

1012 

60.349.000 

177,435.000 

4.883.784 

32.638.458 

56.659.000 

153.370,326 

-24.064.074 

1013 

56.659.000 

171,033.000 

8,220.205 

24.499.621 

80.914.000 

131.398.584 

-40.534,416 

1011 

80.014,000 

199,831.000 

4.866.501 

9.142.656 

87,681.000 

188.790,845 

-11.043,155 

1045 

87.631.000 

172.450.000 

7.676.531 

7.597.969 

45.720,000 

214,489.562 

42,039,562 

1946 

45.720,000 

156,823.000 

20.230.550 

653.588 

42.695.000 

179,424.062 

22,601,062 

1947 


207.768,000 

3.062,404 

4.268.245 

43,582.000 

200.675,159 

-7,092,841 

1948 

ClO 

195.837,000 

6,394.305 

3,834.498 

41.851,000 

205.127.807 

9,290,807 

■nn 

41,851,000 

193.849.000 

18,519.187 

11,036,578 

48.551,000 

194.631,600 

782.609 

1050 

48,551.000 

225,512.000 

23.781.780 

7,254.724 

50.300.000 

240,290,056 

14,778.056 


• Synthetic Glycerol included on crude basis beginning June. 1919. 


grades of glycerol. High industrial production in the United States is 
generally reflected in larger imports. A good example of this was in 1946, 
when the industrial production was high and fat shortages caused glycerol 
imports to reach the highest point since 1927. 

Even with increased production during the next few years and the as¬ 
surance of steady supplies of glycerol through synthesis, the United States 
will, it seems likely, continue to import some glycerol. 
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World Consumption 

World consumption of glycerol has followed much the same pattern 
of geographical distribution as has its production. Technological progress 
and diversification of glycerol consuming industries in highly populated 
areas of high per capita soap and glycerol production is the reason for this. 
Exceptions to this rule must be noted in the case of isolated and sparsely 
populated regions where development and mining operations are in progress. 

Of the many varied uses which are described in this monograph, glycerol’s 
use in nitroglycerine for both industrial and military purposes has always 
been of primary importance. The other uses are subject to frequent change, 
depending upon development of new products, customs, consumer prefer¬ 
ence, standards of living and laws of various countries. For example, a 
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Figure 1-3. C. P. glycerine vs. U. S. price index. 

large proportion of the United States production is used as a hygroscopic 
agent in the manufacture of cigarettes, whereas this practice is not common 
in other countries. The British use none in their cigarettes. 

Because of the rapid development of new products, any classification of 
glycerol use in terms of quantity may soon be outdated. However, an es¬ 
timate of the end-uses of glycerol in 1950 in the United States has been 
prepared (see Table 11-3 p. 447). The end-use for glycerol in other countries 
of the world will vary considerably from that in the United States. 

Glycerol consumption is an index of industrial activity, as well as tech¬ 
nological progress, and to a large extent reflects internal economic condi¬ 
tions in various countries. This is readily understandable when one realizes 
the extent to which glycerol enters into industrial products not only in the 
manufacture of dynamite, but in literally hundreds of other fields. Pros¬ 
perity and rehabilitation after war shortage call for large production of 
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consumer goods. These demands usually parallel a large consumption of 
soap, thereby resulting in a good production of glycerol for the manufacture 
of consumer goods (see Figure 1-1). 

World Glycerol Prices 

As will be noted by the accompanying graph (Figure 1-3), the price of 
glycerol since 1935 is influenced by the up and down fluctuations of the 
industrial cycle. Both of these are based on United States dollars and United 
States business activity as being a fairly accurate reflection of world con¬ 
ditions. Industrial activity and full employment stimulate soap con¬ 
sumption and glycerol production, but in such periods the demand for 
glycerol increases more rapidly than its supply. The reverse is true during 
periods of depression. In some countries where crude glycerol is distilled 
at central refineries, it is customary for the refineries to shut down and refuse 
to take the crude from the soapmaker or fat splitter when the cost of 
recovery threatens to exceed the market value of the finished product. 

Synthetic glycerol, which is now in commercial production, may be of 
considerable assistance in meeting sudden increases in world glycerol 
demand. 

The price of glycerol has fluctuated widely from time to time. This 
price is dependent upon so many factors that it is difficult to predict. 
Primarily the factors are those involving changes in the demand curve, as 
when the resin industry expands or contracts its operating rate. There has 
been a tendency, too, for users of glycerol to engage in anticipatory buying 
of crude glycerol for custom refining, thus competing in the market with 
refiners on whom they normally depend for supplies. This accentuates price 
fluctuations in a “scare buying” period and has even resulted in temporary 
situations where crude actually sold at higher prices than refined. More 
stable production rates, reflecting natural and synthetic glycerol taken 
together, have been predicted for the future. Except in wartime emergen¬ 
cies, an adequate supply seems assured. 



2 . 


NATURAL SOURCE AND OCCURRENCE 


Truman M. Godfrey 

Consulting Chemical Engineer 

Glycerol, combined with fatty acids in the form of esters known as the 
glycerides, is universally distributed and functions in the development and 
reproduction of all plant and animal life. Glycerol plays an important part 
as an intermediary product in the metabolism of the living organism but 
seldom remains in the free state in natural products. It is generally agreed 
that in plants glycerol and the glycerides originate from carbohydrates 
produced by photosynthesis from carbon dioxide and water. All animals 
depend directly or indirectly upon plants as a primary source of foods, and 
in turn produce glycerides by the assimilation of those ingested as food and 
also by biosynthesis from other food substances, particularly carbohydrates. 
The chemistry of the synthesis of the glycerides by plant and animal or¬ 
ganisms is highly complicated and its mechanism is not well understood. 
Some of the glycerides supply certain fatty acids which are known to be 
essential to animal life. The glycerides are the principal constituents of 
that extensive class of natural products generally known as the fats and 
oils. These arc the primary natural source of glycerol and most of that 
produced commercially is derived as a by-product in the processing of 
fats and oils. 

The use of the terms, “fats” and “oils” should be defined in order to 
avoid subsequent misunderstandings. Fats and oils refer to the class of 
materials consisting of the glycerol esters of the fatty acids and their as¬ 
sociated substances which are obtained from animal and vegetable sources. 
The distinction between fats and oils is merely one of physical state. A 
product which is solid at ordinary temperatures is commonly called a fat; 
one which is liquid is referred to as an oil. As a matter of convenience, the 
term fat is frequently used when referring to both oils and fats. It also 
has the advantage of avoiding confusion with the hydrocarbon oils derived 
from petroleum. 

Glycerides and Related Compounds 

Fats and oils are made up predominantly of the triglycerides which may 
be considered to be formed by the condensation of 1 molecule of glycerol 
with 3 molecules of fatty acids. Usually different fatty acids enter into the 
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natural ester molecule forming a mixed triglyceride: 

H 

I 

H—C—OOC—Ri 

I 

H—C—OOC— Rj 

I 

H—C—OOC—R, 

I 

H 

The presence of diglycerides and monoglycerides i6 sometimes observed 
in natural fats. This is explained by the fact that under unfavorable storage 
conditions the fats tend to hydrolyze to some extent, resulting in the 
stepwise formation of diglycerides, monoglycerides and free glycerol. The 
latter has been observed occasionally, but whenever formed it is rapidly 
converted into other substances so that rarely any remains. 

H H 

I I 

H—C—OOCRi H—C—OOCR 

I I 

H—C—OH H—C—OH 

I I 

H—C—OOCR* H—C—OH 

I I 

H H 

Diglyceride Monoglyceride 

Among the constituents of fats and oils in the natural state are the phos¬ 
pholipids or phosphatideS. The better known members of this group are the 
lecithins, cephalin, and more recently, the phosphatidic acids. These are 


H 

I 

H—C— OOC—R, 

I 

H—C—OOC—R, 

I 

H—C—0 

I 

H 

HO—P—0—CH,—CH, 

II I 

0 N=( CHj)j 

I 

OH 


H 

I 

H—C— OOC—R, 

I 

H—C— OOC—R, 

I 

H—C—0 

I 

H 

HO— —0—CH;—CH, 

I 

0 NH, 


Lecithin 


Cephalin 
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triglycerides in which one fatty acid radical has been replaced by phosphoric 
acid. In lecithin, the phosphoric acid is further esterified with choline, and 
in cephalin the phosphoric acid is esterified with colamine. 

Phosphatidic acid is generally combined with calcium or magnesium. 
Lecithin and cephalin usually occur together, to the extent of 1 or 2 per 
cent in some vegetable oils, but to a much smaller amount in animal fats. 
The phospholipids of the animal organism are regarded as essential to the 
life of the animal cell and the functions of the phospholipids are undoubtedly 
connected with the metabolism of fats. 

Structure of the Fatty Acids* 

In a discussion of glycerol and its recovery it is necessary to consider 
some of the characteristics of the fats and fatty acids because their com¬ 
position and availability are the chief factors which influence their indus¬ 
trial uses and in turn affect the production of glycerol. 

The characteristics of the glycerides are very largely determined by the 
nature of their component fatty acid radicals because of the fact that 
the fatty acids contribute a preponderant part of the total weight of the 
ester molecule and comprise the more reactive portion of the molecule. 
For the most part, the fatty acids occurring in nature consist of an even 
number of carbon atoms arranged in a straight chain having an alkyl 
group (CH 3 —) at one end and a carboxyl group (—COOH) at the opposite. 
These fatty acids differ from one another principally in the number of car¬ 
bon atoms in their chains and the number and position of the double bonds 
between the carbon atoms. The fatty acids may be divided into saturated 
or unsaturated ones according to the absence or presence of double bonds. 
The unsaturated acids are further distinguished by the number and position 
of the double bonds. There are also a few fatty acids with alcoholic hydroxyl 
groups. Obviously many possibilities for isomerism exist, particularly as 
the number of double bonds increase. It happens that isomers of the satu¬ 
rated fatty acids occur in nature only in rare instances although many have 
been synthesized. Isomerism occurs in a number of cases in unsaturated 
natural fatty acids. However, these properties of fatty acids, are of interest 
in connection with glycerol only insofar as they affect the structure of the 
glycerides. 

Composition of the Natural Fats and Oils 

Several hundred fats and oils from different natural sources have been 
examined by modern technique, but comparatively few are of economic or 

• For more specific information on the fatty acids, the reader is referred to Mark- 
ley’s" “Fatty Acids” in which may be found a detailed discussion of the nomencla¬ 
ture, structure and properties of the fatty acids. 
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industrial significance. In general, fats are highly complex in constitution 
since a number of different fatty acids always enter into the composition 
of any one fat. Briefly stated, fats are composed primarily of mixtures of 
mixed triglycerides which are to some degree mutually soluble. The com¬ 
plicated structure of fats is evident from consideration of the following 
factors: (a) the number of different fatty acids present, (b) the great variety 
of possible combinations in which the individual fatty acids may appear in 
the triglyceride molecule because of their number and isomeric arrange¬ 
ment, (c) the number and relative proportions of the various triglyceride 
molecules making up the fat. 

Hilditch 9 and his co-workers, through their efforts over many years, have 
developed methods of analysis and determined the component glycerides 
of many natural fats. The distribution of fatty acids has been discussed in 
recent literature by Longenecker 18 , Mattill and Norris 10 - 16 • 16 • ,7 . 

The fats and oils are classified by various writers in numerous ways. They 
naturally fall into two groups—vegetable and animal. The division into 
sub-groups may be made according to physical properties, chemical charac¬ 
teristics, and sometimes from the standpoint of uses. When considering the 
composition of the fats, it seems most convenient to follow, in an ab¬ 
breviated form, the grouping set up by Hilditch 8 in which the fats are ar¬ 
ranged in a manner generally descriptive of their characteristic properties. 
Vegetable Fats 
Solid fats 

Liquid fats: the nondrying oils 
Liquid fats: the semidrying oils 
Liquid fats: the drying oils 
Animal Fats 

Solid fats: butter fats 

Solid fats: domestic mammalian body fats 

Liquid fats: marine animal oils. 

Glycerol and Fats in Plant and Animal Metabolism 

Fats are found in some form in practically all plants and animals, but 
no satisfactory explanation of the mechanism of fat synthesis has been 
obtained notwithstanding the great amount of experimental work directed 
toward an understanding of this problem. Indeed, it is possible that the 
synthesis of the fats may be brought about by entirely different means in 
plants than in animals, and again different in land and aquatic animals, 
so that no single explanation will suffice. 

There is reason to believe that both glycerol and fatty acids are formed 
for the most part at the expense of carbohydrates and that proteins, under 
some conditions, can be converted into carbohydrates. Numerous publi- 
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cations have covered various phases of the biochemistry of fats and several 
recent books 2 • 6 - 7 - 18 have reviewed the subject. 

It is not clear whether glycerol is formed simultaneously with the fatty 
acids, but from the standpoint of this discussion on glycerol, it is most 
interesting that esterification is so complete that no significant amounts of 
free fatty acids or free glycerol remain in either plant or animal fats at 
maturity. Consequently, it appears that there is a nicely adjusted balance 
between the rates of formation of free fatty acids and of glycerol and the 
ultimate combination of the two to neutral glycerides. 

The production of fats and oils from plants and from animal sources is 
carried out on an extensive scale, and as a class they constitute a major 
commodity of commerce throughout the world. A large percentage of the 
fats and oils produced is used for food products, but in many instances one 
variety of fat may find a market for use in both food and nonfood products. 
As a result, the demand for edible fats is competitive with the demand for 
fats for soap, and consequently is reflected in the price and in the quality 
of fats available for soap and in the end affects the production of glycerol. 
For similar reason, the long-term trend of fat consumption in the diet is 
of interest in connection with glycerol. Since this is the case, it is desirable 
to briefly review the position of fats in the diet of the population of the 
United States. 

In considering dietary fats it is important to keep in mind that they are 
derived from two sources. Fat which is consumed as a part of the foodstuff, 
with which it is naturally associated, has been termed “invisible” fat, in 
contrast to the so-called “visible” fat in the form of prepared products 
such as butter, margarine, lard, shortening, and salad and cooking oils. 
It would seem that the terms “associated” and “prepared” would be more 
appropriate but some recognition has been given the terms visible and 
invisible. 

It is estimated that approximately one-half of the total dietary fat is 
consumed as invisible fat ingested along with other foodstuffs. Some of 
these, for instance, certain kinds of cheese and meats, contain a considerable 
percentage of fat. Others, such as eggs, milk, and cereals contain only a 
small percentage, but since the diet consists of a large proportion of such 
products, the fat which they supply represents an important part of the 
total fat ingested. The principal sources and approximate quantities of 
invisible fat from each are shown in Table 2-1 for the year 1940. 

The other portion of the dietary fat is consumed as visible or prepared 
fat. 1 he largest part of this is in the form of lard and shortening used in the 
preparation of foods in the kitchen, a smaller amount is used in the form 
of butter or margarine, and the remainder as salad or cooking oils. As shown 
in Table 2-2, from statistics compiled by the United States Department of 
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Agriculture, there was a disappearance of visible fats in the United States 
of approximately 46.3 pounds per capita in the year 1940. In subsequent 
veare, the consumption of fat has been more or less restricted by shortages 
of supply and for a time by government controls. 


Table 2-1. Approximate Quantity* of Invisible Fats Consumed per Person 

in the United States (1940) 


Source 

Fat 

(Lbs/Capita) 

Equivalent Glycerol 
(Lbs/Capita) 

tn • r nrArluptR (otHpr th&n blitter). •••••••• 

19.2 

2.7 

IJn rv prOQUCvSS \UlHCi uuvvv» / • • •••••• 

17.0 

1.8 

Mutq ft nd coco products. 

5.4 

0.65 

ll UvO OUU v v w ^ • 

3.4 

0.36 

.. 

2.8 

0.39 


.9 

0.09 


.7 

0.07 

Fruits. 

.6 

0.06 

invisible flit. 

50.0 

6.12 




• Calculated from figures by H. E. Longeneckcr, J. Am. Dietd. Assoc. t 20, 2, 
Feb., 1944. 


Table 2-2. Approximate Quantity of Visible Fats Consumed Per Person 

in the United States (1940) 


Fat 

Lbs 

Glycerol Contents 
(Lbs) 

Butter. 

13.6 

1.64 

Margarine. 

1.9 

0.20 

Lard. 

14.3 

1.53 

Shortening. 

8.9 

0.94 

Cooking and Salad Oils. 

7.5 

0.79 

Total. 

46.3 

5.10 


From Fats and Oils Situation, Bureau of Agricultural Economics, Sept. 1947. 


From the preceding tables, the total dietary fats from all sources in the 
United States amounted to approximately 96 pounds per person per year 
on the basis of 1940 figures. This was equivalent to about 11.2 pounds of 
glycerol. 

Commercial Fats and Oils and Their Glycerol Contents 

Although comparatively few varieties of fats and oils are available in 
sufficient quantities to be recovered profitably, those of commercial im- 
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portance are produced, in many instances, on an extensive scale and are of 
world-wide economic significance. Prior to the war, the annual estimated 
world production amounted to about 20 million long tons. The largest pro¬ 
ducers were the United States, India, Australasia, China, Manchuria, 
Dutch East Indies, the Philippines and the Argentine. Most of this was 
consumed in the countries where it was produced and only about 5% mil¬ 
lion tons were exported. As a result of World War II the export volume 
(as of 1948) was considerably below that figure. 

With a few exceptions, such as butter and tung oil, the principal fats of 
commerce are practically all used to some degree in soap, in certain in- 
stances to only a relatively minor extent, but in many cases a major part 
of the production goes into soap. Even where the larger part of any particu¬ 
lar fat goes for edible purposes, a very considerable tonnage is often diverted 
to soap either on account of quality or as refinery residues—foots and acid 
ojIs. Sometimes it is merely a matter of relative demand. The production of 
glycerol is correspondingly influenced according to the quantity and qual¬ 
ity of fat from each source. It is obvious that the various branches of the 
fat industry are closely related from a technical standpoint, and subject 
to the same economic influences with respect to the supply of raw materials. 

As previously noted, the demand for fats for use in one branch of the 
industry is quickly reflected in supplies available for another. Consequently 
it is desirable and often necessary in the soap industry to adjust the fat 
formulas in order to take advantage of market conditions. 

Inasmuch as the yield of glycerol represents about 10 per cent of the 
weight of the fat, and the value of glycerol is usually higher than either 
the original fat or the resultant soap, due consideration is given to the 
glycerol yield when purchasing fats. Aside from efficiency in processing, 
the yield of glycerol depends on the quality of the fat as well as upon the 
kind of fat in question. Fats of all grades and varieties reach the soap 
kettle, ranging from good tallows and coconut oils with almost the theoreti¬ 
cal amount of combined glycerol to dark greases and foots high in free 
fatty acids and from which a large part or all of the glycerol has been lost. 
It is of interest consequently, to be able to evaluate fats on the basis of 
glycerol content. From a chemical standpoint it is not entirely accurate to 
speak of the glycerol content since the glycerol entering into the composi¬ 
tion of a fat is in the combined form. It is a convenient term and when used 
it should be kept in mind that content refers to the theoretical quantity of 
glycerol formed on complete hydrolysis of the glyceride. In the case of good 
quality fats, particularly those that have been refined to remove various 
natural impurities, the glycerol content is close to theoretical for a tri¬ 
glyceride but where the fat has deteriorated the glycerol is lost to a cor¬ 
responding degree. 



NATURAL SOURCE AND OCCURRENCE 

A reasonable approximation of the glycerol content of a fat may be made 
from the two analytical determinations—saponification value and acid 

The saponification value is defined as the number of milligrams of KOH 
required to saponify 1 gram of the fat. This value is a measure of the average 

molecular weight of the fat. . 

The acid value is defined as the number of milligrams of KOH required 
to neutralize the free fatty acids in 1 gram of fat. It is a measure of the de¬ 
gree of hydrolysis that has occurred in the fat. 

The saponification value, minus the acid value, gives the ester value, 
which is equal to the number of milligrams of KOH required to saponify 
the neutral fat in a 1-gram sample. This is a measure of the neutral glyc¬ 
erides present. 

In the case of neutral fats, a close approximation of the per cent glycerol 
content may be calculated by multiplying the saponification value by the 
factor 0.0547, which is derived from the equation: 

C,H,(OOCR), + 3KOH = C,H»(OH), + 3KOOCR 

In many instances the fats contain appreciable quantities of free fatty 
acids; in fact in low-grade fats the free fatty acids may be present to the 
extent of 50 per cent of the total fat or even more. The glycerine content 
may be approximated by multiplying the ester value by the factor 0.0547, 
that is: 

Per cent glycerol - (saponification value-acid value) (0.0547). 

However, it should be emphasized that in dealing with low-grade fats, the 
figure so obtained is not always accurate, but serves merely as a quick 
estimate. General experience indicates that the figure arrived at from the 
ester value is not reliable for free fatty acids above 10 per cent. The presence 
of mono- and diglycerides which are likely to be found in partially hy¬ 
drolyzed fats contribute to the inaccuracy of the estimate since the factor 
is based on the assumption that the glycerol is formed from triglycerides. 
Many refinements in calculating the glycerol content can be resorted to, 
such as determining the unsaponifiable, hydroxyl value, average molecular 
weight of the fatty acids, etc., to give better calculated figures. However, 
the actual determination of glycerol is not too difficult, so that it is scarcely 
worth while making too many refinements and analyses in order to obtain 
a better calculated value. For the purpose of comparing various fats for 
glycerol content, particularly the better grade fats, the ester value is suf¬ 
ficiently accurate and tends to be on the conservative side, that is, it gives 
a lower glycerol content than obtained by analysis. It is advisable to deter¬ 
mine glycerol by actual analysis, where importance for accounting purposes 
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and the like is attached to the results. However, the analytical technique 
is of prime importance since there are many points in the manipulation 
where glycerol may be lost and consequently the results low. Methods of 
analysis are treated in another section of this book. 

A number of useful expressions derived from the saponification value 
and the acid value are shown in Table 2-3. 


Table 2-3 

number of mg of KOH required to saponify 1 g of fatty 
3 X 56.104 X 1000 


Saponification value 
material. 

Saponification value --- 

Mean mol. wt of the fat 

Acid value - number of mg of KOH required to neutralize the free fatty acids in 
1 g of fatty material. 

Ester value - number of mg of KOH required to saponify the neutral fat in 1 g of 
fatty material, i.e., saponification value-acid value. 

% theoretical glycerol content of a neutral fat - (saponification value) (0.0547). 

% theoretical glycerol content of a fat *= (saponification value-acid value) ( 0 . 05 - 17 ). 

(This calculation is not reliable if free fatty acids exceed 10%.) 
Saponification equivalent - number of g of fat saponified by 56.104 g of KOH 
Saponification equivalent of a neutral fat - M of the mean mol. wt as triglycerides. 

Saponification equivalent — -- 

saponification value 

Neutralization value - number of mg of KOH required to neutralize 1 g of the 
fatty acid. 

Neutralization value - -56.1M x 1000_ 

Mean mol. wt of the fatty acid 

Neutralization equivalent - number of g of fatty acid saponified by 56.104 g of KOH. 
Neutralization equivalent - mean mol. wt of the fatty acid. 

Neutralization equivalent = —56J04— 

neut. value 

% free fatty acid - (acid value) m °' Wt ° f FFA 

\ 561. 


) 


Generally the per cent free fatty acids (FFA) is calculated on the mol. wt. 
of the acid present in greatest amount: 



Mol. Wt, 

1 Unit Acid Value equals 



FFA (%) 

Laurie acid. 

200 

0.356 

Palmitic acid. 

256 

0.456 

Oleic acid.1 

282 

0.503 


T he following pages include some of the more common commercial fats 
with the principal districts where each is grown, together with a brief 
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description of the properties and uses. The saponification value, the acid 
value and the per cent free fatty acids are given for each fat over a range of 
values covering the variations normally encountered in fats of reasonable 
quality. The per cent of free fatty acids is referred to here because it is a 
more widely used expression than acid value and is generally recognized 
as a fair index of quality. There is also shown the per cent theoretical 
glycerol content calculated from the average saponification value and the 
low and high acid values. This summary is set to present a concise view of 
the more common fats encountered in the trade.* 

Vegetable Fats 

Solid Fats. Coconut Oil. The coconut palm grows along the coasts of the tropical 
seas. Large groves occur in Ceylon, the Philippines, The South Sea Islands, Java, 
Sumatra, East Africa and West Africa. The palm is cultivated extensively in some 
ureas. Copra is the dried meat from the interior of the coconut in which form it is 
shipped to the oil-pressing mills in various parts of the world. The quality of the oil 
depends largely on the conditions of drying and handling. Copra contains about 63 
to 65 per cent oil which is of the lauric-acid type. Commerical oil of reasonable quality 
averages 1 : Saponification value, 250-260; acid value, 5-13; 2-5 per cent FFA as lnuric 
acid; theoretical glycerol content, 13.7-13.2 per cent. 

Coconut oil is extensively used in food products in vurious forms and in making 
soaps and detergents. It is readily bleached to a light color which increases its value 
in both edible and soap products. Most soaps are made up of blends of tallow-type 
fats with from 20 per cent to often as much as 30 to 40 per cent coconut oil which 
imparts hardness to the soap and good lathering quality. Refinery residues and 
poorer grades of coconut oil are frequently used as a source of distilled fatty acids. 
The mixed acids and the fractionated components have a number of important tech¬ 
nical uses in the chemical industry. 

Palm Oils. The West African palm yields oil from the fleshy outer coating of its 
fruit, and palm kernel oil from the kernel inside the hard seed of the fruit. Large 
ares of wild palm are found in tropical West Africa which produces an important 
amount of the palm oil of commerce. The oil content of the fleshy part of the fruit is 
about 30 to 50 per cent and the oil is reddish brown to orange in color. The palm oil 
from the wild forests prepared by native methods is of poor quality, often running 
as high as 50 per cent or more free fatty acid. The palm is extensively cultivated in 
the Dutch East Indies, British Malaya, British West African colonies, and the Bel¬ 
gian Congo. The oil from the plantations is of a much better quality, often about 5 
per cent free fatty acid, when received in this country. The fatty acids are largely 
palmitic and oleic. The oil averages*: Saponification value, 196-210; acid value 10- 
60; 4-27 per cent as palmitic acid theoretical glycerol content 10.6-7.8 per cent. 

Because of its deep color, the oil requires severe bleaching before it can be used 
in light-colored edible or soap products. It finds wide application in edible products, 
and is well adapted for use in shortenings because of its palmitin content which im¬ 
parts a plastic consistency to the product. Large quantities are also used in soap 
manufacture, often constituting a considerable portion of the fat charge in the darker 

• For more detailed information on fats the reader is referred to the works of 
Hilditch*-* Jamieson” and other workers in this field. 
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soaps but to a lesser extent in the white soaps. It is also used in the tin and terne- 
plate industry as a protective coating on the hot metal. 

Palm Kernel Oil. Palm kernel oil is obtained from the kernels of the seed of the 
palm fruit and is of an entirely different character than palm oil from the pulp. 
Kernel oil is light in color and is similar to coconut oil in most respects. The oil con¬ 
tent of the kernels averages about 45 per cent and is of the lauric-acid type. The oil 
averages*: Saponification value, 243-250; acid value, 5-20; 2-7 per cent FFA as lauric 
acid; theoretical glycerol content, 13.2-12.4 per cent. 

The oil has practically the same characteristics as coconut oil and is used inter¬ 
changeably with it in edible and soap products. 

Lauric Oils From Tropical America. Various trees of the palm family grow wild in 
great abundance in some parts of Central and South America. These are important 
as potential sources of great quantities of oil but development is held back by short¬ 
ages of transportation and labor. Considerable quantities of oils have reached this 
country in recent years, the most important of which are babassu, tucum, murumuru, 
ouricuri and cohune. The properties of these oils arc similar to coconut although 
the chemical composition differs slightly. They are obtained from the kernels of 
palm nuts which have very thick, hard shells difficult to crack. The oil content of the 
kernels of these palm nuts is given by Jamieson" as from 63 to 70 per cent in the 
babassu; 45 to 48 per cent in the tucum; 36 to 42 per cent in the murumuru; 70 per 
cent in the ouricuri; and 65 to 71 per cent in the cohune. Some characteristics of the 
oils before purification are as follows: 

Babassu *. Saponification value 247-253; acid value 6.; 2 per cent FFA as lauric 
acid; theoretical glycerol content 13.4 per cent. 

Tucum kernel ». Saponification value 242-252; acid value 5.-27.; 1.7-9.6 per cent 
FFA as lauric acid; theoretical glycerol content 13.2-12.0 per cent. 

Murumuru *. Saponification value 237-242; acid value 1.-3.; .4-1. per cent FFA 
us lauric acid; theoretical glycerol content 13.0-12.9 per cent. 

Ouricuri ". Saponification value 257.; acid value —; theoretical glycerol content 
14.1 per cent. 

Cohune *. Saponification value 252-256; acid value 1.-20.; .4-7. per cent FFA as 
lauric acid; theoretical glycerol content 13.8-12.8 per cent. 

In this country, these various oils are used in the same manner as coconut oil, 
mostly in making soap. 

Liquid Fats—Nondrying. Olive Oil. The olive tree is cultivated in the Mediter¬ 
ranean areas but California, Australia and South Africa are also producers. The 
oil content of the fruit and its quality depend upon climatic conditions. The quality 
of the oil is also influenced by methods of handling and pressing. The oil content of 
the olive varies from 14 to 40 per cent and the fatty acids are largely oleic. The oil 
averages*: Saponification value, 189-195; acid value 2-20; 1-10 per cent FFA as 
oleic; theoretical glycerol content, 10.4-9.4 percent. 

The better grades are used for cooking and salad oils and for other food purposes. 
The inedible grades, and refinery foots are used in soap. 

Peanut Oil. Peanuts are grown in India, China, Manchuria, Africa and a number of 
other countries, including the United States. Large quantities are grown for food 
as well as for the production of oil in important amounts in world markets. Peanut 
oil is one of the best of the vegetable oils, being light in color and easily refined with 
low loss. The shelled nuts contain 40 to 50 per cent oil which is largely of oleic and 
linoleic acids. The oil on the market in this country, which is usually superior in 
quality to that from other sources, averages: Saponification value, 188-195; acid 



NATURAL SOURCE AND OCCURRENCE 


23 


value, 1-4; -5-2.0 per cent FFA as oleic; theoretical glycerol content 10.4-10.3 per 

^Peanut oil is valued for edible purposes because of its light color and general 
ernod Quality, and whenever available at a competitive price it is used in margarine 
Ind shortenings in place of cottonseed oil. Some peanut oil is used in cooking oil but 
it is not a natural salad oil like olive oil since it does not remain clear when ch lied. 
Considerable peanut oil is used abroad for soap. It produces a soap which lathers 
well in cool water and since it is generally the custom to wash in cooler water than in 

this country, this is a desirable property. 

Castor Oil. Castor beans are grown principally in India, Brazil, China and Kussia. 
The oil content of the seed ranges from 35 to 55 per cent. The oil is peculiar in that 
it contains substantial amounts of hydroxy acid. The oil averages": Saponification 
value 176-187; acid value .3-4.0; .15-2.0 per cent FFA as oleic acid; theoretical gly¬ 
cerol content, 9.0-9.7 per cent. . . , ~ 

A considerable amount is used in soap to increase the lathering in cool water. Une 
of the principal uses is in making dehydrated oil for the varnish and lacquer trade. 
There are also a number of other technical uses. 

Rapeseed Oil. Rapeseed is extensively cultivated in India, China and Europe. 
The seed contains approximately 35 per cent oil which has a large percentage of erucic 
acid ns a component. The oil averages*: Saponification value, 172-175; acid value 
.6-12.0; .3-6.0 per cent FFA as oleic acid; theoretical glycerol content, 0.5-8.8 per cent. 

Rapeseed oil is used for edible purposes where grown but the small amount that 
reaches the United States is used principally in lubricants and greases. 

Liquid Fats-Semldrying. Cottonseed Oil. Cotton is grown principally in the United 
States, India, China, Russia, Brazil and Egypt. Most of the cottonseed oil used 
in the United States is from domestic production. It is one of the most important 
domestic vegetable oils but in recent years has been outranked by soybean oil. The 
oil content of the seed varies considerably according to local conditions, averag¬ 
ing about 20 per cent for the entire United States. The crude oil is reddish brown in 
colorandhasa characteristic odor and flavor. Cottonseed oil contains a variety of 
non-fat substances, usually 2 per cent or more. The following figures are average 
for crude oil, but the oil frequently runs considerably higher in free fatty acids: 
Saponification value 190-198: acid value 2-6: 1-3 per cent FFA as oleic acid; theo¬ 
retical glycerol content 10.5-10.3 per cent. 

Cottonseed oil is used principally in making edible products, such as shortenings, 
salad oil, cooking oil and margarine. Much of the oil is hydrogenated for shortenings 
and margarine or winterized for salad oils. About the only cotton oil used in soap is 
that from refinery foots, considerable quantities of which are in demand for the manu¬ 
facture of washing powders. The foots also serve as a starting material for distilled 
fatty acids, the acids being used in soap and for technical purposes. 

Corn Oil. The United States is the largest producer of com, although some is grown 
in Argentina and South Africa. Corn oil is obtained from the germ which is a by¬ 
product in the preparation of starch. Corn oil contains a considerable amount of phos- 
phatides and non-fat substances. The germ contains 40 to 50 per cent oil which 
averages: Saponification value 187-193; acid value 3-20; 1.5-10.0 per cent FFA ns 
oleic acid; theoretical glycerol content, 10.2-9.3 per cent. 

Most of the corn oil produced in the United States is marketed as salad oil; a lesser 
amount for shortening and margarine. When marketed as salad oil it is necessary to 
dewax it by winterizing. Some of the poor grades and the foots are used in making 
soft soap. 



24 


GLYCEROL 


Sesame Oil . The sesame plant is grown extensively in China, India and, in lesser 
quantities, in several other countries. The seed contains about 50 per cent oil. At 
times in the past, considerable sesame oil has been available in the United States 
The oil averages 8 : Saponification value 185-195; acid value 1-10; .5-5.0 per cent FFA 
as oleic acid; theoretical glycerol content, 10.4-9.9 per cent. 

Sesame oil is widely used abroad as a salad and cooking oil. When available in this 
country it is used for salad oil and for making hydrogenated shortening. It is con¬ 
sidered valuable since it contains an anti-oxidant which imparts an exceptional 
keeping quality to the shortening even though sesame oil is present as a minor con¬ 
stituent. Other than the foots, it is usually out of line in price for use in soap. 

Sunfloweer Seed Oil. Sunflowers are grown extensively in Russia and Argentina 
and, in lesser quantities, in several other countries. The oil is used to a small extent 
in this country. The seeds contain about 20 to 30 per cent oil which averages 8 : Saponi¬ 
fication value 185-194; acid value, 5-12; 3-5 per cent FFA as oleic acid; theoretical 
glycerol content 10.1-9.7 per cent. 

The oil is easily processed for edible products and when available is hydrogenated 
for shortening. It is sometimes hydrogenated for use in soap but since the price is 
usually on a par with other edible oils, this is seldom true in this country. 

Kapok Oil. The kapok tree is cultivated in Java and a number of other tropical 
localities. The seeds contain 20 to 25 per cent of oil averaging 8 : Saponification value 
189-196: acid value, 2-20: 1-10 per cent FFA as oleic acid, theoretical glycerol con¬ 
tent, 10.4-9.4 per cent. 

The oil is desirable for use in edible products in the same manner as cottonseed oil. 

Liquid Fats—Drying. Soybean Oil. Soybeans are cultivated extensively in China, 
Manchuria and other parts of the Orient where they comprise one of the principal 
foods of the diet. The United States now produces more soybeans and oil than any 
other country. Some soybean oil was formerly imported into the United States but 
practically all of the oil now used is of domestic production. The increase in soybean 
production in this country has been remarkable. In ten years it has risen from a 
comparatively minor position to that of our leading domestic vegetable oil, having 
exceeded the production of cottonseed oil in 1944. Many varieties of soybeans are 
known. Those grown commcrically in this country contain 15 to 20 per cent of oil. 
As is usually the case, the quality of the oil varies according to local conditions and 
from year to year. Good quality oil is amber in color, but it is not uncommon for it 
to be dark or greenish, and for the greenish color to persist through processing. The 
crude oil contains 1 to about 3 per cent of phosphatides, mostly lecithin and cephalin, 
which are usually removed to a greater or less extent at the mill before shipping to 
the processor. The presence of phosphatides leads to high losses in refining. Soybean 
oil normally is within the values 8 : Saponification value 190-193; acid value 2-7; 
1-3.5 per cent FFA as oleic; theoretical glycerol content 10.4-10.1 per cent. 

Although soybean oil is classed as a drying oil, the greater proportion of domestic 
production is now used for edible purposes, a development possible in this country 
because of improvement in oil quality coinciding with its cultivation in the United 
States, together with advancements in the technique of processing it. Some of it is 
used as salad oils. It is a natural salad oil and does not need wint erizing. Most of it is 
hydrogenated for shortening and margarine. The refinery foots are used in soap, as 
is a relatively small part of the oil. Some soybean oil is used in paint manufacture. 
A point of considerable technical and commercial interest is the recent development 
of a new process for fractionating soybean oil (or in fact any oil) by liquid—liquid 
extraction into fractions of relatively greater or less degrees of saturation. The 
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resulting fractions of high iodine value are more useful in paints, and the ones of 
lower iodine value of better quality for edible usage than was the ease with the 
original oil. The solvent fractionation of oils is discussed further under Refining. 

' Linseed Oil. Flax is cultivated on a large scale in many countries, including Ar- 
rpntina, the United States, India, Russia and Canada. The seed contains 35 to 40 
»er cent of oil which is high in linolenic acid, 38 per cent as compared with 7 per 
cent in soybean oil. The oil normally is within the values*: Saponification value ISO- 
196- acid value 1-8; .5-4.0 per cent FFA as oleic acid; theoretical glycerol content 
10.5-10.1 per cent. 

Because of its high degree of unsaturation, linseed oil is an excellent drying oil and 
is used in this country almost entirely for paints and other products requiring good 
drying properties, such as linoleum, printing inks, etc. A relatively Rinall amount 
finds its way into soap. 

Of the drying oils, tung oil is of considerable commercial importance in this 
country and is much in demand for varnishes and similar finishes because of its 
superior properties. Oiticica oil from Brazil is similar in properties and uses to tung 
oil. Perilla oil is more like linseed oil and is preferred for drying properties. Practically 
none of these oils are available for soap because of the demand for them where their 
superior drying properties are required. 


Animal Fats 

Solid Fat. Butter Fat. Only in rare instances does butter fat reach the soap kettle, 
but occasionally a small quantity which has been damaged by fire, shipwreck or other 
cause is used in making soap. However, butter fat is economically inter-related with 
soap fats through the edible oils and their influence on the lard and tallow market. For 
this reason, attention is called to the fact that the quantity of butter used in this coun¬ 
try ranks well toward that of any other fat product, exceeded somewhat by lard but 
about equal to soybean oil, cottonseed oil and inedible tallow. Saponification value 
210-233; theoretical glycerol content 12.1 per cent. 

Lard. The production of lard and greases from the body fat of the hog exceeds that 
of any other animal fat in this country. Large quantities arc also produced in other 
countries where com and other feeds are available for fattening hogs. However, it 
is estimated that the United States produces about half of the world supply of lard. 
Normally, a considerable amount is exported. Good grades of lard are normally wit bin 
the values: Saponification value 195-202; acid value 1-2; .5-1.0 per cent FFA as oleic 
acid; theoretical glycerol content 10.8-10.7 per cent. 

A large part of the lard produced is used as food, ranking first in this respect over 
other fats. At times a considerable amount of edible lard goes to industrial use. 
The inedible grades of lard and pork fat are disposed of as greases. Greases are defined 
in terms of hardness rather than origin, a fat with a titer below 40°C being classed 
as a grease, and one with a titer over 40°C as an inedible tallow. Greases are dis¬ 
cussed more fully under Soap Fats and the Fatty Acids. 

Tallows. Tallow is produced from the body fat of cattle, sheep and goats in large 
amounts in the United States and in Europe, Australia and South America. Normally, 
considerable tallow is exported from Argentina, Australia, New Zealand, Uruguay. 
The greater part of the tallow produced in the United States is of inedible grade, the 
quality being determined largely by the part of the animal used and the method of 
working it up. In comparing tallows, Bailey* notes that mutton tallow is ordinarily 
harder than beef tallow, and goat tallow even harder than mutton tallow. Packing¬ 
house tallows are largely beef tallow, but may contain mutton and goat tallow and 
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the inedible-grades may also contain some hog fat. Good grades of tallows are nor¬ 
mally within the values: Saponification value 193-202; acid value 2-6; 1-3 per cent. 
I'TA as oleic acid; theoretical glycerol content 10.7-10.5 per cent. 

In contrast to lard, which is largely used for edible purposes, only a minor part 
of the tallow produced in this country is used for food. A large part of it is crystal¬ 
lized and pressed for oleo oil and oleostearine. Inedible tallow is extensively used 
for soap making, constituting almost half of the total fats going into soap. A con¬ 
siderable amount of inedible tallow is hydrolyzed to fatty acids and glycerol. The 
mixed acids have various technical uses or may be fractionated to red oil and stearic 
acid which arc in demand for a number of different purposes. A recent development is 
the separation of the liquid from the solid acids by continuous fractional crystalliza¬ 
tion of solid fatty acids from solvent solutions. The process, which is in successful 
operation is described by Brown*, and by Kistlcr, Muckerhcidennd Myers'*. A further 
discussion of inedible tallows will be found under Soap Fats and the Fatty Acids. 

Liquid Fats. Marine Animal Oils. Whale Oil . In comparatively recent years, whale 
oil has become an important item of world commerce. Whaling is carried on mostly in 
the Antarctic regions by well-equipped fleets accompanied by “mother ships” which 
work up the whale in an efficient manner. Much of the oil produced is of very good 
quality, almost colorless and low in free fatty acids. Whale oil is of lower iodine value, 
but like the other marine oils is characterized by the wide variety of unsaturated 
acids present. The oil is marketed under four grades, defined by Brandt 4 as follows: 

Grade Color 

1 Pale straw or yellow 

2 Amber yellow 

3 Pale brown 

4 Dark 

Grade 0 from the first renderings of the blubber is nearly colorless and neutral 
(0.5 per cent FFA or less) and is sometimes sold with Grade 1 as Grade 0-1. Most of 
the oil produced is of the better grades. Whale oil normally ranges within the values*: 
Saponification value 188-194; acid value .6-20.0; .3-10.0 per cent FFA as oleic acidj 
theoretical glycerol content 10.4-9.3 per cent. 

Whale oil is widely used abroad in the manufacture of edible products, particularly 
by hydrogenating for margarine. A large quantity is also used for soap, in which case 
it is either hydrogenated or polymerized to some extent by heating. In this country, 
large quantities, when available, are hydrogenated for soap but comparatively little 
is used in edible products. The oil is usually priced somewhat lower than other fats 
of similar color and properties. It is readily processed and the better grades are 
suitable for use in white soaps. It is customary to hydrogenate whale oil to 65 to 70 
iodine value, giving a titer from 35-33°C, for use as a substitute for tallow in quan¬ 
tities up to 40 or 50 per cent, depending on the quality of the soap required. If not 
hardened sufficiently, the soaps acquire a fishy odor and yellow with aging; if hard¬ 
ened too much the detergent qualities suffer. The latter fault also occurs if too high 
a percentage is used. 

Fish Oils. For the most part, fish oils are produced by rendering the whole fish. 
The oil is usually inferior to whale oil because of the presence of considerable quan¬ 
tities of non-fatty matter. The sardine or pilchard, Japanese sardine, menhaden and 
herring are principally used. The sardine is caught off the West Coast of North 
America and is known in Canada as pilchard; the Japanese fish oil comes from that 
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country and is from a different sardine or small herring; menhaden is of the hcrring- 
tvpe and taken off the Atlantic Coast of North America; a large part of the herring 
oil originates in Norway. It is characteristic of fish oils in that the acids of the C, 8 , 
C« and Cn series are present in a highly unsaturated condition as major constituents, 
together with considerable hexadecenoic acid. The fish oils contain substantially more 
acids of the C» and C» groups than whale oil and are more highly unsaturated. The 
quality of fish oils varies widely. Oils of reasonable quality average as follows 8 : 

Sardine (or Pilchard): Saponification value 186-193; acid value 4-24; 2-12 per cent 
FFA as oleic acid; theoretical glycerol content, 10.1-9.0 per cent. 

Jap Fish Oil*: Saponification value 190-196; acid value 10-36; 6-18 per cent FI 1 A 
as oleic acid; theoretical glycerol content, 10.0-8.6 per cent. 



Figure 2-1. Ratio of fats used in soap manufacture to estimated total domestic 
soap production in the United States. 1936-1950. (Fats and Oils Situation, April 
1951, page 19.) 

a. Estimated total domestic non-liquid soap production (including exports ex¬ 

cluding package and bulk cleansers and liquid soaps). 

b. Total reported primary and secondary fats used in soap manufacture. 

c. Fats for soap to civilian use. 

d. Fats for soap to other use. 

Menhaden*: Saponification value 189-195; acid value 4-12; 2-6 per cent FFA as 
oleic acid; theoretical glycerol content, 10.3-9.8 per cent. 

Herring*: Saponification value 183-190; acid value 2-50; 1-25 per cent FFA as 
oleic acid; theoretical glycerol content, 10.1-7.5 per cent. 

Salmon 19 : Saponification value 182-193; acid value .2-12.4; .1-6.0 per cent FFA 
as oleic acid; theoretical glycerol content, 10.3-9.6 per cent. 

Fish oils are relatively cheap and find a variety of uses. They are used principally 
in soap making, followed by paints and varnishes, linoleum, shortenings, and lu¬ 
bricants. 

Soap and edible products made with fish oils are not of as good quality as those 
from whale oil, and consequently hydrogenated fish oil is ordinarily substituted to a 
lesser extent for other oils. Hardened to a 65 to 70 iodine value, it is often used up to 20 
per cent in soap but is not well suited for the better quality products because of color 
and odor reversion. The detergency properties are not as good as tallow soaps or as 
good as whale oil soaps because of the amount of C* and Ca acid groups present. The 






Table 2-4. Fats and Oils Used in Soap in the United States 
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highly unaaturated nature of the oils make them desirable for drying purposes. The 
fractionated fatty acids find a variety of technical use9. 

Soap Fats and the Fatty Acids 

Figure 2-1, published by the United States Department of Agriculture, 
illustrates the extent to which fats have been used in soaps over a period 
of 15 years. 

A rising trend may be noted, only about one-third of which is accounted 
for by population increase, toward the use of more soap per capita in this 
country. Almost all of the soap produced goes for household and laundry 
use. While the fat used for soaps for other purposes is not insignificant in 
amount, it is relatively small in comparison with the great tonnage used 
for soap for direct consumption. As already indicated, most of the fats of 
commerce are usable to some degree in soap. Even where the larger part 
of a specific fat goes for edible purposes, a very considerable tonnage is 
often diverted to soap because of quality or in the form of refinery residues. 
Sometimes it is merely a matter of relative demand. The production of 
glycerol is correspondingly influenced by the quantity and quality of fats 
from each source. Table 2-4* is of interest in that it shows the quantities 
of fats used in the manufacture of soap for several years. 

It may be noted that tallow is by.far the most important soap material, 
totaling over 40 per cent of the total fat used. Coconut oil and grease are 
next in relative importance, a comparison of the two being rather confused 
in recent years because of the fact that supplies of coconut oil were cut off 
during World War II. Whale oil and palm oil normally occupy important 
positions. Most of the soft oils which were used went into specialty soaps, 
for instance the potash soft soaps, liquid soaps, castile, etc. Rosin, since it 
is not a glyceride, does not affect the production of glycerol except insofar 
as it replaces a fat from which glycerol would otherwise have been obtained. 

In view of the prominent position occupied by tallow and grease in the 
production of soap and glycerine, it is of interest to include data on the 
grades of tallows and greases recognized on the market. It will be recalled 
that the commercial distinction between a tallow and a grease is a matter of 
titer, the former having a titer above 40°C and the latter below 40°C. 

In Table 2-5 generally accepted trading grades and specifications for 
inedible tallows and greases are given. These were used by the United States 
Office of Price Administration during World War II. 

It is estimated that of the total domestic production of inedible tallow, 
about 60 per cent is produced by rendering plants and 40 per cent by the 
meat packers. Of the total inedible grease, 30 per cent is produced by Tend¬ 
erers and 70 per cent by meat packers. About 90 per cent of the entire pro- 

• Published by the United States Department of Agriculture. 
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duction of inedible tallow and 60 per cent of the inedible greases are used 
in soap manufacture. 

The recovery of inedible fats from various materials is carried out on a 
widespread scale. In the meat-packing establishments, those parts of the 
animals which are not used for food are rendered for inedible tallows and 
greases. Tallow and grease are also recovered from waste material such as 
butcher scraps, house grease, hotel and restaurant waste. Fish and whale 


Table 2-5. Grades and Specifications of Inedible Tallows and Greases 


Grades 

Max. 
Allowable 
FFA' <%) 

Max. Unbleached 
FAC* (Color) 

Max. Titer 

CC) 

Max MIU* 

(%) 

Tallows 





Fancy. 

4 

7 

42^ 

1 

Choice. 

5 

9 

41 

1 

Prime or extra. 

6 

13-11B 

40^ 

1 

Special. 

10 

19-11C 

40M 

1 

No. 1. 

15 

33 

40M 

2 

No. 2. 

20 

37 

40^ 

2 

No. 3. 

35 

— 

40 

2 

Naphtha extracted bone. 

50 

— 

40 

3 

Greases 





Choice white.i 

4 

13-11B 

37 

1 

A-White. 

S 

15 

37 

1 

B-White. 

10 

19-11C 

36 

2 

Yellow. 

15 

37 

36 

2 

House. 

20 

39 

37^ 

2 

Brown. 

50 

— 

38 

2 

Garage. 

60 

— 

34 

3 


1 FFA - Free fatty acids. 

a FAC = Fat Analysis Committee of the American Oil Chemists’ Society, 
a MIU = Moisture, insoluble impurities, unsaponifiable matter. 


oils are also largely used. In all these instances there is the problem of 
economical separation and recovery of fat from the accompanying tissue 
and extraneous material. 

The recovery is accomplished by grinding or “hashing” the material 
and then separating the fat by either rendering with heat or by solvent 
extraction, and sometimes a combination of the two. In the rendering opera¬ 
tion, either one of two methods are used: (1) the dry method in which 
heat is applied but no water is added lieyond that originally present in the 
material, (2) the wet method where the material is heated in the presence 
of added water. There are a number of variations of these two methods being 
practiced, the type of material and the quality of the product influencing 
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the choice. For the better quality products, quality being largely a matter 
of color and free fatty acids, lower temperatures are used, but in order to 
obtain a satisfactory yield of fat from the less fatty materials, it is necessary 
to resort to higher temperatures. Most of the soap fats are rendered by the 
wet process. 


References 

1. Bailey, A. E., “Industrial Oil and Fat Products,’* New York, Interscience Pub¬ 

lishers, Inc., (1945). 

2. Bloor, W. R., “Biochemistry of the Fatty Acids,” New York, Reinhold Publish¬ 

ing Corp., (1943). 

3. Borges, Richardo. Bol. Ministerio Agr., Braxil 33, 1944. 

4. Brandt, K., “Whale Oil: An Economic Analysis,” Food Research Institute, 

Stanford University (1940). 

5. Brown, R. F., “Fatty Acid Processing,” Soap & Sanit. Chemicals, 24, 2, 65 

(1948). 

6. Bull, H. B., “The Biochemistry of the Lipids,” New York, John Wiley & Sons, 

Inc., (1937). 

7. Hawk, P. B., Oser, B. L., Summerson, W. H., “Practical Physiological Chemis¬ 

try,” Philadelphia, P. Blakiston’s Son & Co., Inc., (1947). 

8. Hilditch, T. P., “The Industrial Chemistry of the Fats and Waxes,” New York, 

D. van Nostrand Co., Inc., (1941). 

9. Hilditch, T. P., “The Chemical Constitution of Natural Fats,” New York, John 

Wiley & Sons, Inc., (1947). 

10. Hilditch, T. P., “A contribution to the Discussion of the Glyceride Structure of 

Stearic-Rich Animal Depot Fats.” J. Am. Oil Chemists’ Soc., 26, 41-45 (1949). 

11. Jamieson, George S., “Vegetable Fats and Oils,” New York, Reinhold Publishing 

Corp., (1943). 

12. Kistler, R. E., Muckerheide, V. J., Meyers, L. D., “The Commercial Solvent 

Separation of Fatty Acids,” Oil & Soap, 23, 146-150 (1946). 

13. Longenecker, H. E., “Composition and Structural Characteristics of Glycerides 

in Relation to Classification and Environment,” Chem. Rev., 29, 201-224 
(1941). 

14. Markley, Klare S., “Fatty Acids, Their Chemistry and Physical Properties,” 

New York, Interscience Publishers, Inc., (1947). 

15. Mat til, K. F., Norris, F. A., “The Glyceride Structure of Natural Fats,” Science, 

106, 257-259 (1947). 

16. Norris, F. A., Mattil, K. F., “Interesterification Reactions of Triglycerides,” 

Oil Soap, 23, 289-291 (1946). 

17. Norris, F. A., Mattil, K. F., “A New Approach to the Glyceride Structure of 

Natural Fats,” J. Am. Oil Chemists’ Soc., 24, 274-275 (1947). 

18. Smedley-Maclean, I., “The Metabolism of Fat,” London, Methuen & Co. (1943). 

19. “The Chemistry and Technology of Marine Animal Oils with Particular Reference 

to Those of Canada,” Fisheries Research Board of Canada. 1941. 



3. METHODS OF PRODUCTION 

Truman M. Godfrey 

Consulting Chemical Engineer 

By far the greater proportion of glycerol manufactured is produced in 
the course of soap-making operations, either by direct caustic saponifica¬ 
tion of the fats or by hydrolysis of the fats prior to saponification. A con¬ 
siderable amount of glycerol is produced as a result of hydrolyzing fats for 
fatty acids destined for various technical purposes, and a further amount 
results from the treatment of fats for the manufacture of synthetic, or 
non-soap, detergents. It is also obtained when fatty alcohols are prepared 
by the sodium reduction of fats and when fatty esters (c.g., methyl esters) 
are prepared from fats by ester interchange. The production of glycerol by 
fermentation methods has been of little or no commercial importance. Of 
more potential importance is the synthesis of glycerol from petroleum, 
which was started on a commercial scale in the United States in 1948. In 
general, it may be said that glycerol meeting the usual commercial re¬ 
quirements may be obtained by any of these methods, the quality of the 
product depending largely upon methods of purification adopted during 
processing. 

By reason of the nature of the process, glycerol production has always 
been an integral part of the soap industry. While there has been little 
change for many years in the basic raw materials available, and since the 
fundamental reaction is the same, a very considerable advance has been 
made in operating procedures and processing equipment within the last 
few years. This refers to all phases of processing, from the treatment of the 
crude fats to the finished products, and is reflected in the finished products 
themselves. The soaps on the market today are of better quality than those 
previously produced and the glycerol is more efficiently recovered in a more 
highly purified form. The demand for fatty acids has extended to include 
many uses other than soap. Much of this demand is supplied by the soap- 
makers and a large part of the natural glycerol from all sources is refined 
by them. 

Although not the most important property from the use standpoint, 
the quality of color enters into the appearance of the product and affects 
consumer preference. Consequently, much effort and expense are directed 
toward making soaps with a minimum of color or one of a desired shade. 
Color is one of the factors in the grading of crude oils and fats and in es- 
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tablishing the market value for them. Many methods have been devised for 
purifying or refining fats to reduce the color in the cheaper grades. The 
glycerol content of the fat is, of course, taken into consideration in evaluat¬ 
ing a fat in that it serves to offset part of the cost. Other than the yield of 
glycerol afforded, the raw materials have comparatively little effect upon 
the glycerol as ultimately finished for the market. It is true, however, that 
the glycerol produced from the better quality fats is more readily processed 
to the higher quality grades. Consequently, the treatment of the raw 
materials for removal of various impurities and the improvement of color 
is incidentally of some advantage with respect to glycerol production. 

Refining of Crude Oils and Fats 

In general most oils and fats, irrespective of the source, are subjected to some 
degree of purification, either by the producers or by the processors prior to their 
use. In many instances, this is a mild treatment, merely settling or filtration, or 
washing and settling, but in other cases it may require a more or less complicated 
chemical treatment. In the case of the lower-grade fats, a sulfuric acid treatment is 
commonly used, sometimes with weak acid, other times with a small percentage of 
strong acid. In some instances, phosphoric acid may be used. Cleaning and decoloriz¬ 
ing by the use of bleaching earth alone, or in conjunction with acids, is also widely 
practiced. In the case of the better grade fats, and particularly the vegetable fats for 
edible purposes, caustic refining is carried out on a large scale. More recently, refining 
by liquid-liquid extraction has come into commercial practice. 

The applicability of any method of refining is determined by the specific purpose 
and the cost of processing, the latter being influenced by the loss of fat resulting from 
the treatment. The factor of loss is one of considerable importance and some of the 
more recent developments in refining methods have had as their principal objective 
the reduction of loss of fat. Among the refining methods described in the following 
paragraphs are some which are used on both edible and soap fats and others princi¬ 
pally on edible. These all have a direct bearing on soap in that a very large tonnage 
of foots from edible oil refining is used in soap. Furthermore, the methods described 
illustrate the trend of improvement for both edible and soap fats. 

Kettle Refining. For many years caustic refining was carried on only by the 
batch kettle method. This has been replaced largely by the centrifugal continuous me¬ 
thods in the refining of the liquid oils, such as cottonseed, soybean, etc., but is still 
widely used for the solid fats, coconut oil, tallow, etc. The operational details have 
been discussed at considerable length in the literature during past years and need 
only to be reviewed very briefly here. A description of the refining of cottonseed oil 
serves to illustrate the general procedure which is followed for most oils with minor 
variations. 

The kettles are usually cylindrical tanks, each equipped with heating coils, agi¬ 
tator, cone bottom and swing pipe for draw-off. For convenience the kettles are made 
large enough to handle either one or two tank cars of oil at a charge, that is 60,000 
or 120,000 lbs. The charge of oil is heated so as to be entirely liquid, about 70 to 80°F, 
and a predetermined quantity of caustic soda added during agitation, taking care to 
avoid aeration of the batch and consequent floating of the foots. The amount of 
caustic and concentration of the solution are selected from preliminary tests in the 
laboratory. The batch is mixed sufficiently to permit the lye to neutralize the free 
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fatty acids and to allow the soap formed thereby to occlude the phosphatidcs and 
extraneous matter, and to remove a portion of the color substances. The extent of 
mixing is a matter of experience and observation, about 15 to 30 minutes, sometimes 
more depending on the type of oil. Then the agitation is reduced and with gentle 
stirring, the charge heated until the “break” occurs at about 120 to 140°F. This is 
the separation of the soap stock from the oil and is determined by noting the ap¬ 
pearance of the soap stock in small particles in the clear oil. After the agitation and 
heat are turned off, the contents of the kettle are allowed to settle over night. The 
oil is pumped off through the swing pipe. 

It is evident that a very considerable amount of neutral oil is lost in refining 
through saponification by excess caustic and also by emulsification with the soap 
stock. The amount varies quite consistently with the quality of the oil. Relatively 
high refining losses are experienced with soybean oil and corn oils but somewhat less 
loss in proportion to the free fatty acids is usually the case with peanut, coconut and 
fats which are low in phosphatides. 

Continuous Centrifugal Refining. For years it has been the objective of oil refiners 
to reduce the refining losses, and many variations in procedure and in reagents have 
been tried. At one time, when the price of oil was high, a number of installations 
were made for centrifuging the diluted soapstock in order to recover the neutral oil. 
Somewhat less than two-thirds of that present could be recovered in this manner. 
From this beginning the machines and techniques were developed for carrying on 
the entire refining operation in centrifugals. 

The first system to meet with commercial success was the continuous caustic 
refining process which has been described by James**. Figure 3-1 illustrates the set-up 
currently in use. 

The supply of crude oil is held in the feed tank, where it is kept uniformly mixed 
and the temperature maintained at 80°F. The oil and a solution of caustic soda are 
automatically prepared and pumped into the first stage of a high-speed mechanical 
mixer. 

The crude oil and the proportioned amount of caustic arc mixed to the proper 
extent. The mixture is passed to the heat exchanger where the temperature is raised 
to 130-160°F and the emulsion breaks into the oil and soapstock phases. The mixture 
is then continuously separated by means of specially designed centrifuges, the oil 
discharging to a receiving tank and the soapstock dropping to the soapstock tank. 
The oil is then washed at about 160°F with about 10 to 20 per cent of its weight of hot 
water for about 10 minutes. Washing centrifuges then separate the soapy water from 
the oil. For a more complete removal of soap, the washing is repeated at 180°F. The 
oil discharged from the centrifuges contains 0.5 per cent water and is passed through 
the continuous vacuum dryer, after which it is sent to storage. The losses of neutral 
oil experienced with this process are 30 per cent or more below those secured by the 
kettle method when refining to the same color and final free fatty acids. 

It has long been realized that the use of a neutralizing agent which would saponify 
less oil than is the case with caustic soda, would result in lower losses. The desirable 
properties of sodium carbonate for this purpose have been known but its use en¬ 
countered the practical difficulties of persistent emulsions, foaming and insufficient 
color reduction. A means of using sodium carbonate has been worked out in a modifi¬ 
cation of the continuous centrifugal system which is meeting with commercial ac¬ 
ceptance. Figure 3-2 illustrates the system. 

This process is described by Mattikow"- « and may be outlined as follows. The 
free fatty acids are first neutralized with a sodium carbonate solution which also 
precipitates the gums. The mixture is dehydrated and freed of C0 2 at 200 to 212°F 
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Figure 3-1. Flow sheet of vegetable oil caustic soda refining, washing and drying. (Courtesy of The 
Sharpies Corporation) 
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(Courtesy of The Sharpies Corporation ) 
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under vacuum. This produces a hard, dry soapstock free from emulsions. The mixture 
i® rehydrated at 195 to 205°F with soda ash solution sufficiently to form a fluid soap- 
stock which can be centrifuged. The refined oil is now neutral and free from gums, but 
further color reduction may be desired. This is accomplished by re-refining by means of 
a caustic wash at 140 to 160°F followed by washing. A material saving in loss may be 
obtained as compared with the continuous caustic soda method, the extent of the 
saving depending upon the character of the oil handled. 

Liquid-Liquid Extraction. Of somewhat more recent development that the cen¬ 
trifugal methods of refining are those using liquid-liquid extraction to achieve the 
desired separation. Two processes, one using furfural and the other using propane, 
have been put into commercial operation during the past few years. 

The furfural method of liquid-liquid extraction depends upon the fact that furfural 
is incompletely miscible with glyceride oils at moderate temperatures, but will 
selectively dissolve the more unsaturated constituents from such an oil. This affords 
a means for separating an oil into two fractions, one rich in the relatively unsaturated 
glycerides and the other rich in saturates. Gloyer'* has described the extraction of 
linseed and soybean oils and illustrated the methods diagrammatically in Figure 3-3. 

The operation is carried out in a vertical-packed tower with a clear space at the 
top and bottom to allow settling. The oil is introduced in the lower part of the tower 
and the furfural near the top, usually in a ratio of 1 to 6-14 parts. Provision is made 
for the return of a portion of the extract as reflux. The temperature is critical in 
that it governs the quantity of glycerides held in solution, thereby determining the 
relative yield and iodine values. As the temperature increases, the furfural dissolves 
additional oil, thereby increasing the yield of extract but lowering the iodine value. 

An interface is maintained between the oil feed and the solvent feed. Below this 
point, the oil rises in droplets through the furfural; at the top the furfural falls 
through the raffinate in droplets. The temperature is normally maintained at 120°F. 
In operating a single column a "non-break” is preferably used as feed so as to avoid 
the presence of phospholipids. The raffinate is withdrawn from the top of the tower 
and stripped of solvent. The extract solution is taken off the bottom of the tower and 
stripped of solvent. A portion of the stripped oil is returned to the column as reflux. 
In the extract, or high-iodine-value portion, are concentrated most of the free fatty 
acids of the crude and the bulk of the unsaponifiable and coloring matter. 

In order to feed a crude soybean oil, a two-column system is used with naphtha 
in conjunction with furfural. The naphtha removes most of the oil from the furfural 
extract solution, leaving in the furfural, as a by-product, coloring pigments, free 
fatty acids, traces of break constituents, and unsaponifiable matter. In the raffinate 
are concentrated most of the phospholipids from the crude oil. From the economic 
standpoint, the justification for operating the furfural process is due to the fact 
that the high-iodine-value oils command a premium for use in paints and varnish and 
the low-iodine-value fraction is improved for edible use. 

Of more interest to the soap and glycerine industry is the liquid-liquid extraction 
process using propane as a solvent*- 7I -» In this method, a solution of fat in 10 
to 30 volumes of propane is heated to 160 to 170°F under 450 to 500 psig pressure, 
under which conditions much of the coloring matter together with the phospholipids, 
oxidized oil, and non-fattv impurities are precipitated and may be removed. If 
desired, the triglycerides may be selectively precipitated by raising the temperature 
and maintaining approximately the same pressure. An increase in pressure at any 
given temperature causes the components to become more soluble. The more unsatu¬ 
rated triglycerides are least soluble in propane, the saturated next in order, and 
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Figure 3-3. Flow sheet of plant handling one tank car of feed oil per day. 



















40 


GLYCEROL 


fatty acids most soluble. Thus, it is possible by the selection of conditions to separate 
the various components of a crude oil or fat. When operating under conditions chosen 
to remove the coloring matter, phospholipids, oxidized oil and non-fatty matters 
from a crude oil or fat, the system consists of two phases, the upper phase being a 
dilute solution of decolorized glycerides and fatty acids in propane, and the lower 
phase a solution of coloring matter, phospholipids, etc., in about an equal volume 
of propane. The upper phase is called the “overheads” and the lower phase the 
“bottoms.” 

The ratio of propane to fat is varied according to results desired, usually ranging 
from 10:1 to 30:1. By increasing the ratio, more coloring matter is removed and 
better purification effected, but, at the same time the cost of operation is increased. 
The higher the solvent ratio, the higher the tower temperature required to maintain 
a given result with respect to color removal and yields of overheads and bottoms. 

Following is a brief outline of the operating procedure. The stock is fed at a given 
rate and temperature to the tower at a point somewhat below the middle. The re¬ 
quired amount of propane at the proper temperature enters at the bottom of the 
tower. A tower 6 feet in diameter by 44 feet high will handle 300,000 pounds per 24- 
hours day of feed stock at 10:1 dilution or 150,000 pounds at 20:1 ratio. The tower is 
baffled and provided with steam coils. The propane, on rising through the tower, 
dissolves the fatty matter from the crude feed, but the color bodies and impurities 
for the most part precipitate and collect as bottoms. The solution of fatty matter 
in propane passes upward through the tower and, if operating with a temperature 
differential, the solution euters zones of increasing temperature where some precipi¬ 
tation takes place and furnishes an internal reflux. The fatty matter tends to redis¬ 
solve as the reflux falls through the lower temperature zones while the impurities 
continue downward to the bottoms. 

From the top of the tower, the overhead propane solution of purified glycerides 
and fatty acids passes through a heat exchanger to raise the temperature to about 
185°F and then about 95 per cent of the propane is flashed off at 280 psig, condensed, 
and recovered. Of the residual overhead solutiou, a portion may be returned to the 
top of the tower as reflux, the balance heated to about 285°F at 280 psig, and the 
remaining propane flashed off and condensed. The residual overheads are finished by 
steaming and the hist traces of propane removed by flashing into a vacuum. 

The bottoms from the tower are heated to 240 to 250°F and the propane flashed off 
at 280 psig and recovered. The bottoms are finished by steaming and flashing into a 
vacuum. 

While the propane extraction process affords a means of refining vegetable oils 
for edible purposes, the presence of free fatty acids in the overheads necessitates 
a further treatment to produce a neutral oil. Any such additional treatment detracts 
from the value of the process because of the extra cost involved, although this may be 
offset by the savings in loss. 

In the case of oils or fats for soap-making, the foregoing criticism does not apply 
because the presence of free fatty acids is not detrimental, the primary object of re¬ 
fining and bleaching being the removal of color and extraneous impurities. Propane 
extraction is well adapted to the up-grading of dark-colored stocks to a degree suit¬ 
able for light-colored soaps. The extent of color improvement depends upon the 
solvent ratio employed. In turn, the solvent ratio which can be economically em¬ 
ployed is determined by the spread in price between dark and light-colored fats or 
oils. The great advantage of the propane treatment lies in the fact that very little 
loss of fats occurs during treatment. Propane extraction is not necessary or economi¬ 
cal for light-colored stocks, because they can be readily refined and bleached at small 
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expense. In the case of very dark, low-grade greases, such a high ratio of propane is 
required to produce white stocks that the cost of operation has no advantage over 
splitting and distilling, which seems better adapted for the purpose. 

The Saponification of Fats for Soap and Glycerol 

It is a general practice in soap-making to directly saponify the fats to 
soap and glycerol, but a considerable proportion is made by first hydrolyzing 
the fats to fatty acids and glycerol—followed by saponification of the fatty 
acids. The simplest method is the “cold process” in which the fat is mixed 
with a calculated quantity of caustic lye, and the emulsion run into frames 
where saponification proceeds from the heat of reaction during storage for 
several days. The glycerol remains in the soap. Cold process soaps are still 
made for special purposes in a comparatively small way. Another method, 
used to a minor extent, is the “semi-boiled” process, in which the fat is 
mixed with the calculated amount of caustic lye, heated, and the reaction 
allowed to proceed. No glycerol is recovered. The greater amount of soap 
is made by the “full-boiled” or “settled” process because (1) the general 
quality of the finished soap is superior and its quality can be maintained 
within close limits, (2) coloring matter and other impurities may be re¬ 
moved to a considerable extent during boiling, (3) a large part of the glyc¬ 
erol content of the fats may be recovered. 

The reaction for making soap by direct saponification is simple: 
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However, through the years the practice of soap boiling has developed into 
an art and only comparatively recently (since 1923) has an adequate 
scientific understanding been forthcoming as to the physical chemistry 
involved in the boiling process and the character of the products. Soap¬ 
making has been described in detail in many publications. Of practical 
interest are the books by E. T. Webb 73 and J. H. Wigner 74 . The physical 
chemistry of soap-making has l>een the subject of extensive research and 
is reported in many articles by J. W. McBain and co-workers, and also 
by R. H. Ferguson, R. D. Void and others. While the soap-making pro¬ 
cedure has as its primary objective the production of soap, the manipulation 
closely affects the production of glycerol. 
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“Full-boiled” Kettle Soap. This method of soap-making differs from 
others in that the operation is carried out in several steps designed to com¬ 
pletely saponify the fat charge, remove most of the glycerol and settle out 
a purified “neat” soap of a uniform composition closely approximating 
63 per cent fatty acids. The boiling may be accomplished in a variety of 
ways which may be broadly classified into three general systems (1) direct 
flow, (2) countercurrent, and (3) centrifugal. 

The direct-flow system has been used many years and a great many 
modifications of it are commonly practiced. The countercurrent system 
is more recent, having been developed primarily for the purpose of recover¬ 
ing more glycerol and at the same time handling less spent lye. There are 
numerous combinations of the direct and countercurrent systems. The 
more recent centrifugal method, made possible by the development of 
the centrifugal machines, is well adapted to carrying out the process satis¬ 
factorily with the minimum quantity of spent lye. 

Direct Flow System. The operations are carried out in kettles, which 
are usually cylindrical, with a cone bottom. The height of the straight 
shell is approximately twice the diameter, the latter usually being from 
10 to 20 feet. In boiling a charge, considerable space is required so that 
the turn-over capacity in terms of finished kettle soap is about one-third 
to one-half of the total water-capacity of the kettle. Kettles are equipped 
with open steam coils, and usually with closed coils also, and are well in¬ 
sulated to minimize heat loss. They are provided with steam, water, stock 
and lye lines, and a swing pipe for drawing off soap at different levels. 

The process is carried out in a series of steps called “changes,” which 
may be described in their simplest form as follows: 

(1) In the first change, which is usually called the “saponification” or 
“killing” change, the fat is saponified by boiling with strong caustic soda 
solution. The proportions of fat and caustic are adjusted so that at the 
end of the change only a slight excess of caustic remains. 

(2) The second change is essentially a brine wash to remove glycerol 
and color. 

(3) The third change is carried on in the same manner as the second 
change. 

In some cases another change, similar to the second and third changes, 
is given if it is desirable to wash out more glycerol and color. 

(4) The fourth change is usually known as the “strong change.” Its 
principal object is the complete saponification of the last traces of any 
fat which may not have reacted in the previous changes. The strong change 
is of further importance in that it determines the amount and the pro¬ 
portion of XaCl and free NaOII occluded and carried over by the curd 
into the fitting stage. Consequently, the percentage of caustic in the strong 
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change serves to regulate closely the relative percentages of NaCl and 
j»j a2 0 in the finished soap and likewise influences the per cent of fatty 
acids in the neat soap. The half-spent lye is drawn off and sent to storage 
to be used on a later batch as a part of a saponification change. 

(5) After removal of the half-spent lye, the kettle is ready to finish by 
“fitting” and then “settling” into two layers or phases, the upper one 
consisting of neat soap, generally close to 63 per cent fatty acids in com¬ 
position, and the lower one of niger, containing coloring matter and im¬ 
purities and some soap. 

When the operator is satisfied that the contents of the kettle are in the 
correct condition, they are allowed to settle several days, sometimes as 
little as 2 days, more often 3 or 4 days being required. After settling, the 
neat soap is pumped off from the niger by means of the swing pipe, the 
boundary between the two phases being readily distinguished. In good 
practice, the neat soap is finished with a fatty acid content of 62 to 64 
per cent. 

It is apparent that there is an economic limit to the number of washes 
that can be taken off for the recovery of glycerol, depending on the price 
of glycerol and the cost of recovery. Consequently, the soapmaker is con¬ 
stantly striving to reduce the relative proportion of spent lye to neat soap, 
or the lye ratio as it is called. It is frequently necessary as values and costs 
change to correspondingly increase or decrease the percentage of glycerol 
recovered from the stock. 

As usually operated, the direct system will give a good yield from the 
kettle, 90 per cent or better of the glycerol available in the stock with a 
lye ratio approximately 1:1. More lye is often used than indicated above, 
but few plants are able to better the figure. 

Many variations in the direct system of soap boiling are in use with the 
idea of reducing the lye ratio or increasing recovery. It is usual to arrange 
some means of enriching the lye by successive re-use but the extra handling 
requires more equipment and adds to the expense. There is also the diffi¬ 
culty of avoiding contaminating light stock with dark lyes. This is par¬ 
ticularly true when several grades of soap are being boiled in a limited 
amount of equipment. However, in the case of plants boiling a number of 
kettles regularly on the same or similar quality stock a countercurrent 
system can be set up that affords a material saving in lye ratio. 

Countercurrent System. In the countercurrent system, each wash is 
pumped directly from one kettle to the next in an earlier stage of boiling 
and continues to pass through the kettles in sequence until it has completed 
the full countercycle. In this manner the glycerol of the lye is built up to a 
concentration not practical in the direct system. A countercurrent wash 
system is described by Govan 20 and illustrated in Figure 3-4. 
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The operation of the system is described as follows: Four kettles of 
equal capacity are required for each unit, one kettle being finished every 
second day. The normal fat charge is 0.3 of the gross capacity of the ket tle 
calculated as water. When starting, the normal charge is increased by 15 
per cent to allow for soapstock equivalent to niger, and one kettle is started 
every second day until all are in operation. During the start, washes are 
made up of fresh caustic, water and salt until washes from the other kettles 



become available. The schedule for the washes on an eight-day cycle is 
shown in Figure 3-4. 

It is possible to carry on the countercurrent system in three kettles if 
conditions are such that they can be settled in less than two days after 
the fit, which is readily the case with some soaps. The sequence of opera¬ 
tions is the same as described for the four-kettle unit, except the schedule 
is for six days instead of eight. 

It is evident that a very worthwhile reduction in lye volume can be ac¬ 
complished by employing the full countercurrent washing system. In plant 
operation, using the sequence of washes as described, it is practical to 
obtain a ratio of 0.7 to 0.8 pounds of lye to 1 pound of kettle soap, removing 
the glycerol so that approximately 0.35 per cent remains in the neat soap. 
This represents a recovery in the kettle of about 95 per cent. A lower ratio 
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may be obtained by using more kettles in the sequence and taking off more 
washes. It is not an uncommon practice to take off 10 or 12 washes. The 
size of the wash is regulated according to the extent to which it is profit¬ 
able to recover glycerol. Plants operating in this manner find it practical 
to maintain a 0.5 lye ratio. Other than for the initial expense of equipment, 
the limiting factors with respect to economy are extra handling charges and 
cost of steam. 

Yield of Glycerol in Soap Boiling. Probably no step in soap boiling has 
received more attention than the manipulation of the changes in an effort 
to reduce the lye ratio without reducing the glycerol yields at the same 
time. While the other function of washing is to remove coloring matter 
and impurities, the number of washes and relative size of each are largely 
varied according to the extent to which it is profitable to recover the glyc¬ 
erol. The glycerol, being miscible in both the soap and aqueous portions 


Table 3-1. Glycerol Content of Successive Washes 



Weight 

(LB) 

Glycerol 

(1) Killing'change. 

12,742 

8.47 

(2) Rosin change. 

7,202 

4.65 

(3) First wash. 

5,263 

3.76 

(4) Second wash. 

3,787 

3.30 

(5) Third wash. 

8,033 

2.80 

(6) Fourth wash.. 

7,202 

2.36 

(7) Fifth wash. 

7,479 

2.10 

(8) Sixth wash. 

8,033 

1.96 


of the kettle contents, cannot be removed completely from the soap by 
washing in a practical or economical manner. When a kettle of soap has 
been properly grained out and settled, the glycerol is distributed between 
the upper layer of curd and the lye which comprises the lower layer. After 
the lye has been run-off and the curd diluted with water, smoothed out 
and again grained and settled, the glycerol which remained from the first 
wash is again distributed between the curd and lye layers. In the direct 
system of boiling, each successive lot of lye is consequently weaker than 
the previous wash, and even with excessive washing a considerable amount 
of glycerol remains. In this connection it is interesting to note the results 
obtained by Sanger 55 in a test saponifying about 30,000 pounds of tallow 
containing 85.3 per cent of neutral fat. 

I he amount of lye that may be taken off in one change is limited and 
usually insufficient to remove the desired proportion of glycerol from the 
soap. The question of how far to go in washing depends largely upon the 
value of glycerol, the cost of washing, the cost of glycerol recovery, and 
the facilities available. Knowing the value of glycerol, and the cost of 
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treating the lyes and recovering the glycerol, it is relatively easy to deter¬ 
mine the amount of lye which can profitably be taken off for each pound 
of soap made. The kettle operations may then be adjusted accordingly to 
give the best recovery of glycerol with the lowest lye ratio practical. 
Ordinarily any change in procedure is based largely upon previous experi¬ 
ence. However, the amount of glycerol which can be removed by a series 
of washes can be estimated. 

Wigner 74 has proposed a plan for regulating the size of the wash relative 
to the curd by measuring the contents of the kettle during the various 
stages of boiling, using a back pressure, liquid-level gauge for the purpose 
and calculating the size and number of washes to be removed in order to 
affect a definite percentage recovery of glycerol from the fats charged to 
the kettle. His calculations are based upon the observation that the glyc¬ 
erol was distributed uniformly throughout the aqueous contents of the 
kettle, that is, the concentration of glycerol in the water of the soap-lye 
layer was the same as the concentration of glycerol in the water of the 
soap-curd layer. For the purpose of calculation, it is necessary to know the 
water and the glycerol contents of both the lye layer and the curd layer. 
These figures may be obtained by analysis, and the respective concentra¬ 
tions are reasonably constant in well standardized kettle operation. 

That the glycerol is distributed in a uniform concentration throughout 
the aqueous portions of the contents of the kettle is an assumption not 
always borne out under different conditions of kettle-boiling practice. 
Observations in different plants indicate that the concentration of glycerol 
in the water of the lye layer may run more nearly 1.3 times the concentra¬ 
tion of glycerol in the water of the curd layer. The ratio of glycerol re¬ 
tention depends upon kettle practice and appears to reach an equilibrium 
at about 1:1.3 when boiling on a medium-to-hard grain under normal 
operating conditions. 

Govan 20 reports some observations on glycerol distribution and glycerol 
recovery in typical soap-boiling operations. 

Table 3-2 illustrates the distribution of glycerol in the aqueous contents 
of a kettle boiled on a medium-to-hard grain in normal plant operation 
using a 3 kettle countercurrent system 21 . 

From these data, which coincide with other observations, it appears 
that the ratio of 1:1.3 may be maintained in ordinary practice. From the 
standpoint of glycerol recovery with the minimum washing, it is obviously 
of advantage to operate so as to obtain as high a relative concentration 
or retention in the lye layer as practical. 

In Table 3-3 is set up a glycerol “balance” from the data obtained during 
the boiling of the same kettle. 

The figures were obtained by weighing and analyzing all incoming and 
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outgoing materials for glycerol, the input of glycerol being set up as debits 
and the output as credits. The results are within the accuracy of weighing 


Table 3-2. Glycerol Distribution in a Typical Soap Kettle Boil on a 

Countercurrent System 



Change No. 1 




Glycerol in curd layer. 

3.21 

1.73 

0.72 

0.60 

Water in curd layer. 

Glycerol retained by water in curd 

32.20 

29.92 

33.40 

29.12 

layer. . . 

10.00 

5.78 

2.16 

2.06 

Glycerol in lye. 

8.70 

5.39 

2.36 

2.19 

Water in lye. 

81.1 

75.92 

83.27 

82.35 

Glycerol retained by water in lye.. 

10.7 

7.10 

2.83 

2.66 

Ratio of glycerol retained by water 





in curd layer to that in lye. 

1:0.94 

1:1.23 

1:1.30 

1:1.29 


Table 3-3. Glycerol Balance in a Countercurrent Soap Kettle Boil 



Amount 

(Lb.) 

Glycerol 

Debit, a. lb. 
100% Glycerol 

Credit, a. lb. 
100% Glycerol 

Change No. 1 





Tallow pumped to kettle. 

38,500 

10.2 

3,930 


Coconut oil pumped to kettle. 

16,500 

13.3 

mttzm 


Soap lye pumped to kettle. 

54,300 

5.46 

2,960 


Spent lye discharged from kettle. 

57,700 

8.70 

5,020 

Change No. 2 





Soap lye pumped to kettle. 

46,300 

2.12 

982 


Soap lye discharged from kettle. 

64,000 

5.39 


3,450 

Change No. 3 




Soap lye discharged from kettle. 

45,500 

2.36 


1,074 

Change No. 4 




Niger soap pumped to kettle. 

18,900 

1.65 

312 


Soap lye discharged from kettle. 

15,700 

2.19 


344 

Change No. 5 





Neat soap discharged from kettle. 

81,600 

0.35 


286 

Niger soap discharged from kettle.. 

19,900 

1.51 


300 

Total glycerol charged to kettle. 

Total glycerol accounted for.... 



10,384 lb 

10,474 lb 


and analysis. It is apparent that little, if any, loss of glycerol takes place 
in the kettle operating under these conditions. The glycerol was reduced 
to 0.35 per cent in the neat soap with a kettle recovery or yield of 95 per 
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cent of the glycerol available from the fat charge. While these figures are 
probably somewhat better than average, instances of still better recovery 
are not uncommon in plants using more kettles in the system and a greater 
number of washes. 

Centrifugal System for Soap-Making. In a manner somewhat similar 
to the progress made in refining, the adaptation of centrifuges to soap¬ 
making has resulted in a continuous system with improved efficiency over 
kettle operation. While commercial installations are as yet comparatively 
few, the advantages afforded indicate that the system will assume con¬ 
siderable importance in the industry. It is entirely logical to use centrifuges 
t° settle soap rather than taking the time required to settle by gravity 
in a kettle. It is also apparent that in a continuous system, counterflow 
washing is most effective. The process is built around centrifuges of the 
type developed for removing the soapstock from refined oils, but the 
general set-up of the plant is novel in many respects, and the manipulation 
of lyes and soapstock varies from conventional procedure although there 
is some similarity in the processing steps. The process is reviewed in Soap 
and Sanitary Chemicals 1 ' 11 and a diagramatic drawing (Figure 3-5)illus- 
trates the arrangement of the equipment 67 • 69 • 60 • 61 • e *. 

The conversion of fat to neat soap takes place in four stages, each of 
which involves the use of centrifuges to separate the soap and lye, the 
latter being passed through the four stages in counter-flow to the soap. 
The centrifuges revolve at 15,000 rpm and develop a separating force 
13,200 times that of gravity. These are similar in design to the vegetable 
oil refining centrifuges,, with special features built into the frame and 
covers to insure the complete and continuous discharge of the soap. To 
secure a uniform flow of all components, fat, soap, caustic and salt solu¬ 
tions, proportioning pumps are used to automatically measure the amounts 
delivered to the system. 

Outlining the function of the four stages from the entry of the fat, the 
first stage accomplishes about 95 per cent of the saponification of the fat 
and separates the spent lye which is sent to the glycerol recovery plant; 
the second stage completes the saponification of the fat and separates the 
lye, the latter passing to the first stage for re-use; the third stage washes 
most of the remaining glycerol from the soap and passes the lye back to 
the second stage; the fourth stage performs the function of fitting and 
settling. After the finished soap is discharged, the lye passes back to the 
third stage. 

Figure 3-6 represents a typical sequence of flow that may be briefly 
described as follows. 

First Stage. It is assumed that the fat stocks have been pretreated to 
the degree necessary to give a finished soap of the desired color and blended 
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Figure 3-5. Sharpies centrifugal soap pi 
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m the required proportions. The fat coming into the system should be 
clean and free from suspended matter in order to avoid, as far as possible, 
the accumulation of such insoluble matter in the bowls of the centrifuges! 
The fat is heated to about 30° below the temperature maintained in the 
saponification mixer and passed through a proportioning pump and through 



Figure 3-6. Continuous centrifugal soap process. 


the weight-controller to the saponification mixer. Another proportioning 
pump feeds a mixture consisting of 50 per cent NaOH solution and the 
return lye from # 2 centrifuge. The latter has a small amount of caustic, 
and considerable glycerol and salt present. These go through the weight 
controller to the saponification mixer. 

The saponification mixer is designed to accomplish about 95 per cent 
of the saponification of the fat at this stage, thereby reducing the free 
caustic content of the spent lye to a low figure. The mixer operates under 
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a small pressure and at a temperature of less than 220°F, with vigorous 
agitation over a period of time sufficient to complete the reaction with 
the caustic to the desired extent. The mix then passes to % 1 centrifuge 
which separates it into soap and spent lye. The spent lye normally con¬ 
tains about 15 to 20 per cent glycerol, usually 8 to 12 per cent salt, and 
0.1 per cent or less free Na,0. The spent lye is pumped to the glycerol 
recovery plant. The soap passes to the second stage. 

Second Stage. In the second stage, the saponification of the fat is com¬ 
pleted. The lye from #3 centrifuge is returned to the second stage and 
mixes with the soap-fat emulsion from % 1 centrifuge. The mixer operates 
at a slightly lower temperature than the saponification mixer. There is 
sufficient caustic present to complete the saponification of the remaining 
5 per cent of fat. The mix is fed to #2 centrifuge at a controlled rate of 
flow. The lye from #2 centrifuge contains some caustic, considerable salt 
and glycerol and is pumped to the constant level tank in the first stage. 
The soap passes on to the third stage. 

Third Stage. The third stage conditions the soap for fitting and washes 
out some glycerol. Caustic and salt solution is added in predetermined 
quantity to the soap from % 2 centrifuge by means of proportioning pumps. 
Lye from the fourth stage is also added in the third stage. The materials 
go through the flow controller and then to the mixer, which is constructed 
and operated like the mixer in the second stage. After the mixing operation, 
the soap and lye are separated by #3 centrifuge. The lye, containing con¬ 
siderable glycerol, caustic and salt is returned for use to the second stage. 
The soap, containing only a fractional per cent of glycerol, is now ready 
for fitting and is passed on to the fourth and final stage for finishing. 

Fourth Stage. In order to obtain the proper fit for the separation of 
finished soap, it is necessary to add water and a small amount of caustic 
in the fourth stage. These are added by proportioning pumps in amounts 
regulated according to the finish desired on the soap. As is the case in each 
stage, the components go through flow control mechanisms and then to 
the mixer. This mixer is similar to the ones used in the second and third 
stages. After going through the mixer, % 4 centrifuge separates the finished 
soap from the lye. The lye, which contains a small amount of glycerol and 
a small per cent of caustic and salt, is returned to the third stage for re-use. 
The finished soap is now in a condition suitable for manufacturing into 
final form. 

As previously indicated, the fourth stage is in many respects comparable 
to the finish in soap boiling. In kettle operation the soap is thinned out 
with water and fitted to a condition where it will drop a niger of the desired 
proportion and separate a neat soap. The soap boiler must work within 
fairly close limits to obtain uniform results from kettle to kettle. For the 
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most part it is a matter of judgment and such means as have been pro¬ 
posed to regulate the process require considerable care and time in weighing 
and calculating charges. The centrifugal process affords a means of auto¬ 
matically controlling the variables with a minimum of testing and without 
depending solely on judgment. 

I he general quality of the finished soap compares well with that of 
kettle-boiled soaps. In many grades of soap the requisite quality can be 
obtained by taking off only a pitch lye, as shown in the flow diagram (Fig¬ 
ure 3-6) and described in the preceding paragraphs. For grades of soap 
requiring a finer fit, a niger may be taken off. In either case, the lye or 
niger from the fourth stage is returned to an earlier stage for reprocessing 
without the loss of soap or glycerol. 

Efficient recovery of glycerol is obtainable with a low lye ratio, usually 
about 0.35. This is a significant improvement over kettle processes and 
represents a material saving in glycerol recovery costs. Other advantages 
which may be assessed readily are a lower capital investment in equipment 
and building space and a saving in steam, both of which arc important 
items in soap-making costs. The reduction in niger also affords a saving. 
The small amount of stock in process at any one time, and the production 
of clean soap and lye are worth while advantages. 

In common with most continuous processes, the centrifugal process is 
best adapted to 24-hour operation in order to obtain maximum output 
and efficiency. A total of about 6 hours is required for the initial start-up 
and shut-down periods. 

The foregoing descriptions of the three direct saponification systems 
may be subject to the criticism that they arc overly simplified but it is 
the intention to present merely an outline of each of the methods upon 
which general practice is based. The particular method adopted in any 
plant is usually determined by the equipment available and the necessity 
of handling the stocks and lyes most economically. Obviously, there are 
innumerable variations and combinations of these systems which can be 
made, and widely differing procedures are the rule in plant practice. As a 
consequence, it is difficult to define the performance of each system. Keep¬ 
ing in mind these limitations, Table 3-4 affords a comparison of the results 
of most interest with respect to glycerol recovery which normally may be 
expected in operation of each of the soap-making processes. 

Leaving aside other considerations, it is apparent that a significant im¬ 
provement in glycerol recovery has been accomplished in turn by the 
countercurrent and the centrifugal systems. All three systems are currently 
in use by large soap-making establishments in this country and abroad, 
and a large part of the soap manufactured is made by these processes. 
However, it is important to note that there are several large and efficient 
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plants operating a continuous process consisting of hydrolysis of the fats, 
followed by distillation and saponification of the fatty acids. In comparing 
the latter system with direct saponification, it may be said that any method 
in which the fat is saponified directly to soap and glycerol is limited to 
producing soap of a grade predeterminined by the quality of the fat in 
process. In contrast, by hydrolyzing the fat, distilling and saponifying the 
fatty acids, soaps of good quality may be produced from dark-colored fats, 
and significant economies in glycerol recovery may also be effected. 

Other methods have been proposed for saponifying the fat and removing 
the glycerol. Among these may be mentioned the Krebitz process in which 
the fat is saponified with lime as the alkali. The glycerol is readily washed 
from the insoluble lime soaps. The latter may then be converted to sodium 


Table 3-4. Comparison of Soap-Makino Processes 



Direct Flow System 
(%) 

Countercurrent 
System (%) 

Centrifugal System 

Neat soap 

Total fatty acids.. 

61-64 

61-64 

61-64 

Glycerol. 

.2-.6 

.2-.5 

\ 

.2-.35 

J,ye ratio 

Pounds of spent lye per pound 
of 63% TFA soap. 

.9-1.25 

.5-.8 

.33-.47 

Spent lye 

Glycerol. 

4-6 

8-13 

12-15 

NaCl. 

15-20 

15-20 

8-12 


soaps by treatment with sodium carbonate solution or into fatty acids by 
treatment with dilute sulfuric acid. The Krebitz process is used to a small 
extent on the Continent. A method has recently been patented 11 • 12 • 68 
in which the fat is saponified with caustic soda continuously under high 
pressure and temperature. The mass is released about 550°F into a vacuum 
chamber where the glycerol and water are flashed off from the soap. Under 
the conditions of operation, there is a possibility of loss of glycerol by de¬ 
composition in contact with alkalis. 

Hydrolysis of Fats to Fatty Acids and Glycerol 

Although the larger proportion of glycerol produced in this country is 
derived from the direct saponification of fats with caustic soda and re¬ 
covered as a by-product from the resulting soap, an important part is 
made by hydrolyzing or “splitting” the fats to free fatty acids and glycerol. 
This process is practiced by many manufacturers, by some as previously 









54 


GLYCEROL 


noted, on an extensive scale. The fatty acids are used mainly in soap¬ 
making although a considerable quantity is used for other purposes. The 
general reaction is shown below: 


H 

| 

H 

1 


H—C—OOC-Ri 
| 

H—C—OH 
| 

HOOC-Ri 
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1 
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1 

1 
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1 

HOOC-R, 

1 

H 
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Triglyceride Water 

Glycerol 

Fatty Acids 


From the standpoint of glycerol production, this method has the ad¬ 
vantage that the glycerol may be obtained directly in a relatively concen¬ 
trated solution without going through the numerous operations required 
to separate it from the soap formed simultaneously in direct saponification. 
The splitting of fats has been practiced on a commercial scale for about 
100 years and first attained considerable importance because of the demand 
for fatty acids by the candle industry. 

One of the first methods of splitting fats was by treatment with a small 
per cent of sulfuric acid and then boiling with water. This process resulted 
in a poor grade of fatty acids and is now obsolete. The possibility of hy¬ 
drolyzing fats by heating with water at elevated temperatures and pres¬ 
sures, with or without catalyst, was early recognized. Splitting in batch 
autoclaves, usually with a catalyst, has been in common use for years in 
Europe and to a limited extent in the United States. In 1898, the Twitchell 
process was patented. This method depends upon a reagent, or catalyst, 
which increases the reactivity of fats with water to such an extent that 
hydrolysis takes place upon boiling at atmospheric pressure. The Twitchell 
process is widely used in this country and abroad. Over the years there 
has been a constant effort toward improvement of the autoclave method, 
primarily with the idea of avoiding the use of catalysts, and more recently, 
of adapting the system to continuous operation. In 1937, and subsequently, 
a number of patents have been issued disclosing a high-pressure continuous 
system of autoclaving operable with or without catalyst. The method is 
used in several large installations in this country and to some extent abroad. 

The mechanism of the reaction occurring during hydrolysis has aroused 
considerable speculation and investigators have expressed widely divergent 
views. For many years this lack of agreement was due largely to the diffi¬ 
culty experienced in observing the course of the reaction in plant-scale 
operation and in controlling experimental conditions. Confusion in inter- 
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preting results also arose from lack of knowledge as to whether the reaction 
was taking place in a homogeneous or heterogenous system. Uncertainty 
as to this point led to doubt as to the course followed by the reaction, that 
is whether hydrolysis proceeds stepwise as a bimolecular hydrolysis or 
simultaneously at all ester groups as a tetramolecular hydrolysis. It was 
not recognized until quite recently that water is increasingly soluble in the 
fatty phase with increasing temperature, thereby forming a homogeneous 
phase. Consequently the reaction during autoclaving is dependent prin¬ 
cipally upon the water which is actually dissolved in the fatty phase. 
Catalysts function by establishing a large oil-water interface and main¬ 
taining a high state of solution, thus increasing the rate of reaction at 
any given temperature. The metallic catalysts are only moderate accelera¬ 
tors and are used commercially only under conditions of pressure and 
elevated temperature. They function only when the pH of the aqueous 
phase is above that produced by mineral acids. The Twitchell reagents 
are more active accelerators and increase splitting rates to such an extent 
that splitting may be carried out at atmospheric pressure. They are effective 
only under low pH conditions, i.e., in the presence of mineral acids. 

It is now generally agreed that in both homogeneous and heterogeneous 
phases, hydrolysis proceeds in a stepwise manner, from the triglyceride to 
the diglyceride with the liberation of one mole of fatty acid, and finally to 
the liberation of the third mole of fatty acid and the free glycerol. These 
reactions are independent, the over-all reaction consisting of three bimo¬ 
lecular reactions which take place in the system simultaneously but not 
necessarily at the same rate. The law of mass action governs conditions. 
The reaction is reversible, equilibrium depending upon the concentration 
of glycerol in the water phase. The highest degree of hydrolysis results 
when keeping the concentration of glycerol from the reaction zone either 
by a sequence of washes in the batch system or by counterflow in the 
continuous system. Although equilibrium conditions in the Twitchell 
method differ in some respects from those in autoclaving the most impor¬ 
tant generalizations for practical purposes apply to both cases: 

(1) The degree of hydrolysis is determined by the concentration of 
glycerol in the water phase. 

(2) The kind and amount of catalyst serve to increase the rate of reaction 
but do not affect the point of equilibrium. 

(3) Heat accelerates the rate of reaction but does not change equilibrium 
conditions. 

As previously indicated, hydrolysis is carried out in commercial practice 
almost entirely by either the Twitchell process or by autoclaving. Mention 
should be made of the fermentation process in which the splitting is brought 
about through the action of lipolytic enzymes. It is of interest in that it 
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accomplishes splitting at ordinary temperatures. However, the process is 
of little commercial interest. While the Twitchell process has been very 
widely used for many years, the recent development of corrosion-resistant 
alloys of high tensile strength has contributed to advancement in auto¬ 
clave design. This has made operation at high pressures possible and short¬ 
ened the time of reaction so that continuous operation is practical. As a 
result autoclaving occupies an increasingly important position in the field. 

The various aspects of fat hydrolysis by the Twitchell process and batch 
autoclaving are discussed by Boehm®, Zilske 78 , Hefter-Schoenfeld 27 and 
others. 

The Twitchell Process. Since numerous descriptions of the Twitchell 
process have been published over the past years, only an outline will be 
given here covering the more important points as they affect glycerol 
production. 

As previously noted, the Twitchell process is very widely used in this 
country and abroad. The principal reason for this is the low initial cost 
of the equipment and, when taking capital charges into account, the rela¬ 
tively low cost of operation as compared with batch autoclaving. The 
essential Twitchell equipment is simple, a wood tank for pretreating the 
fat, 3 or 4 wood “tubs” for boiling the fat with water, acid and catalyst, 
some auxiliary tanks, and the accessories such as pumps, etc. It is common 
to install the equipment outdoors, although the better plants are under 
shelter. The wood tubs are usually a source of trouble with leaks. Lead 
lining is not satisfactory. Copper may be used but monel is better. 25,000 
to 60,000 pounds of fat are handled at each charge, the tub holding more 
than twice the volume of fat to allow for water and boiling space. Monel- 
lined steel tanks are used in some of the more recent installations. 

An acid wash or desludging is generally given the stock prior to Twit- 
chellizing to remove various impurities which adversely affect the catalyst. 
It also serves to minimize emulsion troubles. While pretreatment may not 
always be necessary in the case of the better grade fats, it is worth while to 
clean up the poorer grades, otherwise the time of boiling is increased and 
the degree of hydrolysis reduced. The poorer the fat, the more vigorous 
the pretreatment required. 

Hydrolysis is carried on by boiling the stock at atmospheric pressure 
with water, using a small amount of reagent and sulfuric acid to promote 
the reaction. The Twitchell reagents were originally prepared by sulfonating 
oleic acid in the presence of benzol or napthalene. The reagents have been 
greatly improved. The ones currently used are sulfonated petroleum prod¬ 
ucts and are more active, lighter in color, and contain less ash and unsapon- 
ifiable matter. On tin- basis of the fat charge 0.5 to 1.0 per cent of reagent, 
is commonly needed with one-half that quantity of 60°B6 sulfuric acid. 
The reagent is diluted with water before adding. The acid is diluted to 30 
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per cent strength before measuring it into the tub containing the fat and 
water. It is important for the amount of water used in boiling to be regu¬ 
lated according to the glycerol content of the fat. The concentration of 
the glycerol in the water phase determines the extent of the split, the higher 
the glycerol content, the more water required. In the ease of coconut oil 
the amount of water needed is 35 to 40 per cent of the weight of the fat; 
for other fats it is about 30 per cent. Allowing for an increase of about 50 
per cent due to condensation of steam during boiling, will bring the amount 
to GO per cent of water to be drawn off at the end of the first boil. Enough 
should be used so that the concentration of glycerol will not be more than 
12 to 15 per cent, otherwise the reaction stops too far from completion. 
Several hours heating at or near the boiling temperature is required, an 
atmosphere of steam being maintained over the surface of the charge, 
the cover on the tubs being provided for this purpose. 

With an active reagent and stock that has been properly pretreated, an 
80 per cent or better split should be obtained on the first boil in 9 or 10 
hours. The contents of the tub are then settled and the aqueous layer or 
glycerol Sweetwater drawn off. A second boil can be made in 4 or 5 hours 
with less water, about 15 to 20 per cent and .15 to .20 per cent acid. No 
added catalyst is needed, as there is sufficient carried over in the fatty 
layer since the catalyst is more soluble in fat than in water. The second 
split should be finished in 4 or 5 hours and be better than 90 per cent. A 
third boil with 15 per cent water and 0.15 per cent acid may be made to 
bring the split to 95 to 97 per cent in 3 or 4 hours more of boiling. The 
total water added amounts to 65 to 75 per cent of the weight of the fat 
and is increased by condensate to an amount somewhat less than the 
weight of the fat. The average glycerol content of the sweetwater is usually 
8 to 12 per cent depending on the fat in process, or somewhat less with 
low-grade greases. If convenient the sweetwater from the second or third 
boil may go to help make up the water for the first boil of a subsequent 
batch. However, the amount of water should always be kept at a minimum 
consistent with maintaining a rapid reaction. It is important to avoid 
lengthening the boiling time because it darkens the stock. Under good 
conditions, the complete cycle should require no more than 30 hours, 
or possibly 36. 

At the end of each boil, the contents of the tub are allowed to settle, 
and the sweetwater is run off into a settling tank where a further separa¬ 
tion of the fat takes place. In addition to glycerol, there is carried into 
solution a small amount of the more soluble fatty acids, some sulfuric 
acid, and the mineral salts from the Twitchell reagent. The sweetwater is 
generally neutralized with lime and treated with alum and soda ash in the 
course of glycerol recovery. This will be covered in a subsequent section. 
It has been stated by some authors, and it seems to be the general im- 
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pression, that the fatty acids produced by the Twitchell system are so 
dark that they require distillation where light color is necessary. This 
idea has probably arisen from the fact that the Twitchell process is widely 
used on very poor grade stocks and consequently the resulting fatty acids 
are dark. However, relatively light-colored fatty acids can he made by 
the 1 witchell process from the better grade stocks and large quantities of 
white fatty acids are produced in this manner. 

An informative article has l>een published by H. H. Mueller and E. K. 
Iiolt 50 on a study of the changes in composition of the fatty phase during 
the 1 witchell splitting of coconut oil. A series of samples was taken for 
analysis from a 15,000-pound batch of crude coconut oil during a normal 
three-boil Twitchell operation. The first boil was made with 40 per cent 
water charged (on fat basis), 0.5 per cent sulfuric acid (on fat basis as 
100 per cent II2SO4), and 0.7 per cent splitting agent, and boiled for about 
16 hours; the second boil was made with 25 per cent water charged and 
0.25 per cent sulfuric acid, and boiled for 5 hours; the third boil was made 
with 25 per cent water and 0.25 per cent sulfuric acid and boiled for 6 
hours. 

The results confirm the theories of previous investigators that the re¬ 
action proceeds stepwise but it seems that in the earlier stages of hydrolysis 
only two steps occur, from triglyceride to the diglyceride and from di¬ 
glyceride to monoglyceride. Later all three reactions take place si¬ 
multaneously. 

The analysis of the final sample showed it to contain 92.2 per cent free 
fatty acids, 0.1 per cent free glycerol, 0.8 per cent monoglycerides, 6.3 
per cent triglycerides, no diglycerides, 0.5 per cent unsaponifiable, and 
0.1 per cent moisture. Based on the original amounts present, 92.7 per cent 
of the total fatty acids was liberated in the fatty phase and 91.3 per cent 
of the total available glycerol was set free in the aqueous phase. 

It is pointed out that in the subsequent distillation of such split fatty 
acids, the presence of free glycerol, mono-, or diglycerides can result in 
re-esterification of some of the free fatty acids to triglycerides. From the 
composition indicated, the triglyceride content could readily increase by 
about 40 per cent, which would result in a substantial increase in residues 
from distillation. The best solution is to carry the hydrolysis as far as 
possible beyond the point where neither mono- or diglycerides are likely 
to be present and to follow with a water wash to remove free glycerol. 
This is difficult to accomplish with the Twitchell process but the high- 
pressure continuous process has the advantage in that 98 per cent or better 
split can be obtained readily and the presence of free glycerol, mono- and 
diglycerides practically eliminated by the counter washing effect. 

As previously noted, the advantages of the Twitchell process are the 
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low cost of installation and relatively low operating cost, which account 
for its popularity with the smaller processors. 

There are several disadvantages, of which the most important are (1) 
the necessity of pretreating stocks before splitting, (2) the relatively low 
degree of splitting, (3) the lower concentrations of glycerol in the sweet- 
water as compared to autoclaving, (4) the darker color of the fatty acids 
which are also less readily bleached. 

Batch Autoclaving. The batch autoclave process for hydrolyzing fats 
has been used much more widely in Europe than in the United States, 
although there are several installations here. One factor which retarded 
development of the autoclave system was the lack of a metal which would 
withstand corrosion from the fatty acids and which had sufficient tensile 
strength for use at high pressure. For years the autoclaves were built in 
small sizes where copper could be used. Others were made of steel and 
suffered rapid deterioration. Copper-lined steel has also been used. In 
fact, corrosion was a problem throughout the entire plant and the situation 
was unsatisfactory until such corrosion-resistant alloys as nickel, chro¬ 
mium and molybdenum became commercially available. It is important 
in the design of the plant to select materials which will stand up in contact 
with fatty acids and water at high temperatures and pressure and which 
can be fabricated into the desired forms. Of the alloys available commer¬ 
cially “Inconel” and Type 316 stainless steel arc reported by Barnebey 
and Brown 5 as best fulfilling the requirements where corrosion problems 
arc most severe. Type 316, with a carbon content below 0.05 per cent, is 
promising in that it is not susceptible to damage from fabrication and heat 
treatment. With the improved alloys, it became practical to build batch 
autocalves capable of handling 25,000 to 35,000 pounds of fat at a charge, 
and to construct an entire plant with a reasonably long life against cor¬ 
rosion. As a consequence, the autoclave process became much more attrac¬ 
tive than formerly. 

In practice the autoclaves are charged with the fat and water, usually 
to about 30 per cent of the weight of the fat. The entire charge should 
occupy no more than two-thirds of the capcity of the autoclave. The 
pressure used varies from 100 to 200 psi, 150 pounds giving good working 
conditions. With the aid of an effective catalyst, the first split to about 
85 per cent can be made in 4 or 5 hours at the reaction temperature. The 
charge is kept well agitated during this time by means of open steam. The 
aqueous glycerol layer is then settled from the fatty layer and the former 
discharged through a blow-off tank to the sweetwater tank. The blow-off 
tank consists of a heat exchanger, condenser and receiver to prevent loss 
of glycerol by flashing when the sweetwater is discharged from the pres¬ 
sure of the autoclave to atmospheric pressure A second split is made with 
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20 to 30 per cent of fresh water for 2 or 3 hours. At the end of this time, the 
split should be better than 95 per cent, possibly 97 per cent. The entire 
contents of the autoclave are blown to the receiving tank and settled. The 
glycerol water from the second split may be used for the first charge in a 
subsequent batch. For a complete cycle of operations, 12 hours is usually 
allowed. This depends upon several factors, the degree of split required, 
the temperature employed, the amount and kind of catalyst, and the 
stock being hydrolyzed. Where a 90 per cent split is satisfactory, this can 
be obtained in one stage. 

When operating at the indicated temperatures and pressures, a catalyst 
is ordinarily used in order to reduce the reaction time. Zinc oxide, zinc, 



Fiourb 3-7. Effect of temperature on rate of hydrolysis. Autoclaving of tallow with 
0.5% NaOH and 60% water to a 50% split. 

lime, magnesia, or caustic soda are used according to the cost, the acceler¬ 
ating effect desired, and other factors such as stock in process and the pur¬ 
pose for which the fatty acids are to be used. Aside from the cost, zinc 
oxide is usually preferred because it is more effective and is said to give the 
best colors. However, lime and magnesia are commonly used. Where the 
fatty acids are used for soap, caustic soda is satisfactory. It is customary 
to use about 0.3 to 0.5 per cent of zinc oxide (sometimes with some zinc 
dust), 1 to 2 per cent of magnesia or 0.5 per cent of NaOH. In the per¬ 
centages given, NaOH is about one-half as effective as the other catalysts, 
that is an 80 to 85 per cent split can be obtained in approximately 2 hours 
at 150 psi with 2 per cent of lime or 1 per cent of magnesia, but it takes 4 
hours to reach the same point with 0.5 per cent NaOH. Without a catalyst, 
it requires 6 hours. 

The importance of the effect of temperature is indicated in Figure 3-7, 
which is drawn from data on the experimental work of Lascaray. 39 Tallow 
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was autoclaved with 60 per cent water and 0.5 per cent NaOH at different 
temperatures and the times determined to free 50 per cent of the fatty 

icLs 

Zinc, lime and magnesia each produce soaps which are insoluble in the 
water phase and hence remain dispersed in the fatty acids. In this case, 
the glycerol waters are free of catalyst and require little more than clari¬ 
fication to be suitable for evaporating to a saponification crude glycerine. 
The fatty acids are washed with water to remove the last of the glycerol 
and then treated with acid, which reacts with the insoluble soaps, followed 
by a final water wash to remove mineral salts. If caustic soda is used as a 
catalyst, a part of the soap formed passes into the glycerol water and 
must be removed before evaporation. The concentration of the glycerol 
in the sweetwater is usually about 15 to 20 per cent. 

The principal advantages of a batch autoclave process over the Twitchell 
process are a high degree of split, a higher concentration of glycerol in the 
sweetwater, and the fact that the latter requires little or no treatment 
before evaporation. The quality of fatty acids is also better and the catalyst 
may be removed more readily than with the Twitchell reagent. The auto¬ 
clave process will operate satisfactorilj' without pretreating the incoming 
stock, although in some cases better results may be obtained by using a 
pretreatment. The initial cost of a batch autoclave plant using corrosion- 
resistant alloys is much greater than the Twitchell installation. The opera¬ 
ting costs are considerably higher but are partially offset by the advantages 
of the process. 

It has been recognized for many years, that the reaction can take place 
without catalyst if the temperature and pressure are sufficiently high. 
Apparently a considerable saving in material and treatment costs may be 
made by avoiding the use of catalysts. The cost of the catalyst is a con¬ 
siderable item itself and it is also expensive to treat the fatty acids or the 
sweetwater where necessary to remove the residual catalyst after processing. 
With the high-tensile strength alloys, it is now entirely feasible to construct 
autoclaves that can be operated at the elevated temperatures and pressures 
required to hydrolyze the fat in a short time. A limited number of batch 
autoclaves was built using a higher pressure but at this stage of develop¬ 
ment the continuous system of autoclaving was working out and put into 
practical operation. 

Continuous High-Pressure Hydrolysis. A number of patents relating 
to the continuous hydrolysis of fats was issued in 1937 and subsequently 
to Ittner 32 , Mills 47 * 48 and others 13 -« Essentially the process consists 
of maintaining a continuous flow of fat upward through a column against 
a counter-flow of water which intermix and pass through a hydrolyzing 
zone regulated to a temperature of 470 to 500°F and at a pressure of 600 
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to 725 psi. Prior to discharge from the top of the tower, the fatty acids 
are washed free from glycerol by the incoming water which descends 
through the column, increasing in glycerol content until it is discharged 
from the bottom. A high degree of split is readily obtained with a relatively 
good concentration of glycerol in the sweetwater and a number of operating 
economics effected. This system is rendered practical by the fact that high 
temperatures and pressures shorten the time of reaction to such an extent 
that countercurrent operation can be conducted in a tower of moderate 
height. At the temperatures employed, the reaction is accelerated because 
of the positive temperature coefficient and of more importance, because 
the water becomes readily soluble in the fat and fatty acids. It is apparent 
that under these conditions, only a minor part of the hydrolysis takes 
place at the oil-water interface, the major part occurring as a homogeneous 
reaction between the fat and the water dissolved in the fatty phase. Both 
the rate and the extent of the splitting are functions of the water dissolved 
and this in turn is a function of the operating temperature and pressure. 

The solubility of water in fats and fatty acids is very slight at ordinary 
temperatures, even at temperatures as high as the boiling point of water 
at atmospheric pressure. The solubility increases slowly up to 350 or 400°F 
and then more rapidly at higher temperatures. In order to dissolve any 
considerable amount of water in the fat or fatty acid, a pressure sufficient 
to maintain the water in a liquid state is necessary. The solubility of water 
in neutral fats is believed to be only slightly less than in fatty acids, but 
this point is not readily determined because the fats rapidly hydrolyze to 
fatty acids and glycerol under the conditions in question. The curves 
in Figure 3-8 47 - 48 show the effect of temperature on the solubility of water 
in the fatty acids of tallow and of coconut oil. These may be considered 
representative of the class of fats similar to tallow in composition and of 
the coconut oil chiss respectively. 

It may be noted that at 470°F, water is soluble in tallow fatty acids to 
the extent of 11 per cent and in coconut fatty acids to 23 per cent. 

Allen and others 2 have found that the solubility of water in tallow fatty 
acids approximates the following empirical relationship at temperatures 
from 200 to 500°F: Weight per cent water = .0354 t — 3.52, where t is 
the temperature in °F. 

According to Mills and McClain 49 , water is completely miscible with 
tallow at 610°F and with coconut oil at 560°F. However, if conditions of 
complete miscibility were maintained, countercurrent operation would 
be impossible for obvious reasons. Hence it is necessary to select a lower 
temperature where a considerable portion of the water in the system will 
exist as a separate phase. Another reason to avoid too high temperatures 
is the fact that glycerol has been found to break down to some extent at 
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525°F into acrolein. On the other hand, as the temperature is lowered the 
rate of reaction decreases so that at 400°F the output of a column is 
materially reduced. While the process can be carried out over a fairly wide 
range of temperatures and pressures, those selected must be such as to 
insure that the water is dissolved in excess of the amount required for 



Figure 3-8. Solubility of water in the fatty acids of tallow and of coconut oil. 
Dotted lines extended to points of complete miscibility (from data by V. Mills and 
H. K. McClain). Solid lines show solubility (from data by V. Mills). 

complete hydrolysis of the fat, but not so high as to produce complete 
miscibility of the water and the fatty matter with the formation of a single 
liquid phase. 

The proportion of water may be varied over a considerable range, de¬ 
pending on what is desired with respect to a degree of hydrolysis, rate of 
reaction and concentration of glycerol in the Sweetwater. As has previously 
been noted, the concentration of glycerol in the water determines the 
degree of hydrolysis or the completeness to which the reaction may be 
carried. Mills and McClain 49 have studied the equilibrium conditions which 
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obtain in a system of fat and water in a small batch autoclave at tempera¬ 
tures and pressures in the range encountered in continuous units. The 
results show that the distribution of glycerol in the two-phase system fol¬ 
lows a uniform rule, which explains the difficulties encountered in obtain- 



<Vo FREE GLYCEROL IN WATER PHASE 

Figure 3-9. Relation of free glycerol in the water phase to completeness of hydroly¬ 
sis of tallow. 



°A> FREE GLYCEROL IN WATER PHASE 

Figure 3-10. Relation of free glycerol in the water phase to completeness of hydroly¬ 
sis of coconut oil. 

ing complete hydrolysis. The same type of results were obtained on tallow 
and coconut oil. The two graphs shown as Figures 3-9 and 3-10 are of 
particular interest from the standpoint of autoclave operation. These show 
the relation between the free glycerol in the water phase and the complete¬ 
ness of hydrolysis for tallow and coconut oil respectively. 

The study also included data on the relation between the free glycerol 
in the water phase and the glycerol in the oil phase. Also, the relation be- 
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tween neutral fat and combined glycerol in the oil phase. From the data 
it is concluded as follows: “The reaction occurs in a two-phase system, 
(1) an oil phase containing partially split fat, fatty acid, free glycerol 
and water, and (2) a water phase containing glycerol in solution. In the 
oil phase there is equilibrium reaction between the unsplit glycerides 
(neutral fat) and the free glycerol in the same phase. Then there is the 
equilibrium of the free glycerol distribution across the oil-water interface.” 
“The unsplit fat probably contains mono-, di- and triglycerides which, 
above 90 per cent completeness are present in constant proportions.” It 
was determined that this is a true condition of equilibrium and the results 
obey the phase rule. The concentration of glycerol in the water phase de¬ 
fines the entire system. 

Returning to the operation of a commercial unit for hydrolyzing fats, it 
is apparent that the glycerol must be continuously removed from the 
reaction zone to cany out the process efficiently and this can be best 
accomplished by countercurrent flow of the components. The amount of 
water needed may be estimated in the following manner. For complete 
hydrolysis tallow requires about 6.4 per cent of its own weight of water, 
and coconut oil about 8.3 per cent of its weight of water. For rapid hy¬ 
drolysis, the effective temperatures and pressures are such that the fatty 
matter dissolves considerably more water than these amounts. The dissolved 
water promotes the hydrolysis and any undissolved water washes out the 
free glycerol so that the reaction may be carried substantially to comple¬ 
tion. It is important that sufficient water be supplied beyond that in solu¬ 
tion in the fatty phase to dissolve the glycerol formed and to remove it 
from the fatty phase during the progress of the latter upward through the 
column, otherwise a lower degree of splitting results. Assuming, in the 
case of tallow, that about 6 per cent of water is needed to complete the 
reaction, then approximately 11 per cent more water will be dissolved in 
the fatty acids, thus causing a disappearance of about 17 parts of water per 
100 of fat. Additional water must be supplied beyond this amount. Since 
10 parts of glycerol are formed by the hydrolysis of 100 parts of fat and 
if a 20 per cent glycerol solution is desired, then 40 parts of water must 
be added beyond the 17 parts, or a total 57 per cent of water on the basis 
of the fat. For coconut oil containing approximately 13 per cent glycerol, 
there would similary be required about 8 parts of water for the hydrolysis, 
23 parts dissolved in the fatty acids and 52 parts of water to form a 20 
per cent solution of the 13 parts liberated, or a total of 83 per cent water 
on the basis of the coconut oil. 

In carrying out the process, a settling zone is provided at the bottom of 
the tower so that the glycerol solution may separate from any fatty material 
other than that dissolved in the aqueous glycerol, otherwise the incoming 



06 


GLYCEROL 


fat would emulsify with the outgoing Sweetwater. Similarly, a settling 
zone is provided at the top of the tower where the fatty acids are separated 
trom the water, other than that, in solution, prior to the discharge of the 
fatty acids from the tower. Agitation is not needed to promote the reaction 
and is undesirable in that it leads to emulsification which lessens the effi¬ 
ciency of the process. 

The fatty phase at the time of entering the system is ordinarily tri¬ 
glycerides with some free fatty acids, but on being subjected to the tem¬ 
perature and pressure it dissolves water and hydrolysis takes place. As a 
result the fatty phase may at some stages in its progress contain triglyc¬ 
erides, mono- and diglycerides, free fatty acids, water and glycerol. At 
the completion of hydrolysis, the fatty phase is predominantly free fatty 
acids with a small amount of unhydrolyzed fat, a small amount of glycerol 
and some water. The aqueous phase during its flow countercurrent to the 
fatty phase, is enriched in glycerol and also dissolves and retains a small 
amount of fatty acid. 

A commercial system is described by Barnebey and Brown* and illus¬ 
trated in Figure 3-11. 

A column typical of this system is 28 inches inside diameter by about 57 
feet high on the straight shell. It may be constructed of “Inconel” clad 
steel with all internal parts in contact with the fatty acids of “Inconel” or 
Type 316 stainless steel. The splitting process is carried out by pumping 
the fat at a rate of about 3,000 or 4,000 pounds per hour into the column 
through a distributor ring located about 2 feet from the bottom. The dis¬ 
tributor breaks the fat into small droplets which rise through the aqueous 
phase in the Sweetwater accumulating section. Here some of the splitting 
takes place as the temperature of the fat is increased to about 400°F by 
direct contact with the sweetwater; the latter is correspondingly cooled 
to about 220°F. From the sweetwater accumulating section, the fat droplets 
then rise through the fat-water interface which is maintained at a height 
somewhat below the lower steam distributor ring. The latter is about 7 
feet from the bottom of the tower. The position of the interface is con¬ 
trolled by adjusting the relative rates of feed and discharge and is ob¬ 
served by means of a sight glass and by sampling cocks, or it may be con¬ 
trolled automatically by an interface float. After passing through the 
interface, the fat is further heated to the splitting temperature of about 
500°F by direct steam and passes up through the main splitting zone. 

Above the interface, the fat particles become a part of the predominating 
fatty phase which dissolves water in amounts corresponding to the opera¬ 
ting temperature. The major part of the splitting takes place as the fatty 
phase passes upward through the main splitting zone which extends to the 
upper steam distributor about 5 feet from the top of the column. After 
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passing from the main splitting zone the fatty phase, consisting mostly 
of fatty acids, passes through a heat transfer section where most of the 
heat above 212°F is removed by contact with the incoming water. Pre¬ 
cautions are taken that the fatty acids do not become emulsified with the 
water. The outgoing fatty acids are cooled to such an extent that compara¬ 
tively little water remains in solution. The fatty acids are discharged 
through a back-pressure control valve which maintains the column at 
working pressure, in this case about 725 psi. The fatty acids pass to a 
flash chamber where some of the water is evaporated, and then to a settling 
tank for the removal of the remainder. 

The water enters at the top distributor ring, passes through the heat 
exchangers where its heat content is raised by interface contact with the 
fatty acids. The water then passes over a distributor plate and its tempera¬ 
ture brought up to 500°F by means of the steam from the upper steam 
sparge. As the water passes down the column counter to the upward flow 
of the fatty phase, the concentration of the glycerol in the water is increased. 
At the bottom of the tower, the sweetwater is cooled by the incoming fat 
and passes into the settling zone before discharge from the tower. The 
discharge is regulated by an automatic interface controller. The sweet- 
water goes to a flash tank and then to a settling tank where a small amount 
of fatty acids and dirt are removed. The sweetwater is about 4 pH and is 
neutralized with lime. 

The data in Table 3-5 are given by Bamebey and Brown* to illustrate 
plant operations on low-grade animal fats. Results obtained by the Twit- 
chell process on similar stock are included for comparison. 

It will be noted that a higher split was obtained by the autoclave than 
by the Twitchell process with, at the same time, a higher concentration of 
glycerol in the sweetwater. Incidentally, this is an example of excellent 
Twitchell operation. 

Another system of continuous hydrolysis which is used in several large 
installations is described by Mills 47 * 48 and by McBride 46 . The layout of the 
plant is illustrated diagrammatically in Figure 3-12. This system differs 
from the one described previously in three major respects: (1) a catlayst is 
used (2) the fat and water are each heated separately prior to entering the 
column (3) the fatty acids and the sweetwater each leave the tower at 
high temperatures and are cooled by discharging into flash tanks. The 
tower in this system is similar in general construction to the one previously 
described, with the exception that no heat exchanger is provided. There 
are distributor rings 3 or 4 feet from each end, the lower one for the in¬ 
coming fat and the upper one for the incoming water. The tow'ers are said 
to be from 2 feet to 2 feet 6 inches in diameter, 50 to 65 feet high, and to 
split from 3,500 to 7,500 pounds of fat per hour. 
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In practice, the incoming fat and water are each handled by triplex 
piston feed pumps with variable speed drives so that the rates of feed of 
each may be readily controlled. In the plants where this system is operated, 
a catalyst is commonly used to speed up the reaction and improve the 
output. The required amount, about 0.25 per cent zinc oxide, is mixed with 
the fat prior to passing to the pumps. While under pressure the fat is heated 
to 495°F and the water to 480°F before entering the column. Other than 
the distributor rings no fittings are required inside the tower, that is, there 
are no baffles, trays or packing of any sort. The fat flows upward through 


Table 3-5. Data from Runs on Low-Grade Animal Fat 


Operation 

(•) 

(b) 

Free fatty acid of feed, as oleic. 

39% 

28% 

Throughout (lbs/hr). 

3450 

4500 

Process water rate (lbs/hr). 

1690 

1800 

Free fatty acid of product, as oleic. 

99.3 

98.1% 

Glycerol in sweet water. 

12.0% 

16.7% 

Operating Requirements 

per 1,000 lbs feed 


800 -lb steam*. 

184 lbs. 

154 lbs. 

Electricity (power and light). 

5.3 KWH 

4.1 KWH 

Process water. 

485 lbs. 

400 lbs. 

Labor (1 operator). 

0.29 man-hr. 

0.22 man hr. 

Comparison, Plant Two-Boil Twitchell Process Operation on Similar Stock 

Product FFA as oleic.| 

% 

97 

Glycerol in sweet water. 

H% 

13% 


• Does not include low-pressure steam used for tank heating, etc. 


the tower and the water percolates downward. The fat is hydrolyzed and 
the liberated fatty acids washed free of glycerol leave the top of the column 
while the liberated glycerol dissolves in the downward flow of water and 
the solution discharged from near the bottom of the tower. The interface 
between the sweetwater and the fat is preferably kept at about the level 
of the fat distributor ring. This may be adjusted by varying the rate of the 
incoming water or by varying the sweetwater outlet rate. If the level is 
too high, it may be lowered by decreasing the feed of incoming water or 
increasing the discharge rate of the sweetwater, thereby balancing the 
inlet and outlet rates of the aqueous phase. 

The operating pressure is regulated by setting an automatic control 
valve at the top of the tower. The temperature of the liquids in the re- 
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action zone at a point midway between the fat inlet and water inlet is 
maintained at the desired reaction temperature by varying the tempera¬ 
ture of the incoming fat. The fat inlet temperature required to produce a 
given temperature midway in the reaction zone cannot be predicted except 
from operating experience under a given set of conditions because of tem¬ 
perature changes which occur in the lower half of the column. These are 



Figure 3-12. Arrangement of a continuous fat splitting plant. 
(From U.S.Patent t, 166,863 V. Mills) 


and 2 

Deaerators 

16 

Fatty acid rooeiver 

and 4 

Meters 

17 

Fatty add discharge 

and 8 

Pumps 

18 

Water vapor discharge 

and 8 

Heaters 
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Sweetwater receiver 


Boiler 

20 

Sweetwater discharge 


Catalyst Tank 

21 

Water vapor discharge 


Agitator 

22 

Sweetwater regulating valve 


Pump 

23 

Pressure oontrol valve 


Autoclave column 

24 

and 25 Thermometers 


Fat distributor 

Water distributor 

26 

Interface gauge 


due to heats of solution of water in fat and in fatty acids, of glycerol in 
water, heats of reaction, and heat transmitted through the walls of the 
tower. Assuming that the tower is well insulated, the combined result of 
the heat effects is such that the temperature of the incoming fat should be 
somewhat higher than that midway in the reaction zone when the tempera¬ 
ture of the latter is the same as the incoming water. When the temperatures 
are properly adjusted, practically no temperature change will occur above 
the mid point of the reaction zone. Electric heaters are provided to bring 
the walls of the column up to temperature when starting, or to maintain 
the temperature during a temporary shut down. 
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The fatty material passes upward through the tower in approximately 
90 minutes giving a split of 98 to 99 per cent. The fatty acids when dis¬ 
charged from the tower are saturated with water, containing about 11 per 
cent, and are passed through a flash tank. 

The glycerol concentration in the sweetwater may be varied by chang¬ 
ing the ratio of water-to-fat fed to the column. In the same column, any 
increase in glycerol concentration may be obtained only at sacrifice of 
degree of split or of production rate. The best rate of flow of fat for the 
maximum hydrolysis varies with the height and diameter of the column. 
Taller columns permit operation with higher oil-to-water ratios, with con¬ 
sequently higher concentration of glycerol in the sweetwater. In usual 
practice, the sweetwater leaves the tower at 15 to 20 per cent glycerol 
content. It is drawn off through a flash tank to increase the concentration. 
Any fatty acids which are present in suspension or in solution are removed 
prior to further evaporation. 

The following generalizations apply to either of the systems for con¬ 
tinuous hydrolysis described in the preceding paragraphs. 

Countercurrent high-pressure hydrolysis is well adapted to continuous 
operation at a good rate of production with a minimum of attention. It is 
entirely practical to operate without a catalyst but it is advantageous to 
use one in some cases. 

A high degree of split, that is 98 to 99 per cent, can readily be obtained. 
When working on better grade fats, glycerol concentration may range 
from 12 to 20 per cent in the sweetwaters which need little treatment for 
recovery of glycerol. 

The system affords material economics with respect to heat, labor and 
space requirements. 

Pretreatment of the stock is not critical but is advisable for the best 
results with low-grade material. 

In comparison with a Twitchell plant of like capacity, the installation 
cost is much higher but the operating cost is lower for the continuous 
process, even when capital charges are taken into account. Better yields of 
glycerol and fatty acids are obtained by the continuous process and both 
products are of a better quality. 

In comparison with the batch autoclave, either low-pressure or high- 
pressure system, the continuous system is much more economical to install 
and operate (except for very small installations), and the quality of products 
is approximately equal. 

Glycerol from the Manufacture of Higher Alcohols 

Within the last few years an increasing quantity of glycerol has been 
derived as a by-product from the manufacture of higher alcohols. The 
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atter are used as intermediates in making sodium alkyl sulfates and re¬ 
lated compounds which in recent years have become of considerable im¬ 
portance commercially as detergents and wetting agents. There are two 
general methods of preparation of the fatty alcohols, ( 1 ) hydrogenation 
of the fatty acids, esters or glycerides with a catalyst, and (2) by sodium- 
alcohol reduction of the fatty acids, esters or glycerides. 

The reduction of the fatty acids by hydrogenation may be represented 
by the following equation: 

RCOOH + 2H, -* RCHjOH + 11,0 

Fatty Acid Hydroyen Fatty Alcohol Water 

In the case of esters of glycerides, the reaction may be represented as 
follows: 

RCOOR' + 2Hj -* RCHjOH + R'OH 

Fatty Acid Hydrogen Fatly Alcohol Alcohol 
Eater 

The hydrogenation is carried on at high temperatures and pressures with 
a catalyst, preferably copper chromite. In commercial practice, good yields 
of fatty alcohols are obtained from coconut or similar oils by hydrogenating 
at 285°C and 3,000 pounds pressure. Under these conditions, the glycerol 
formed is not stable and therefore cannot be recovered. When the fatty 
acid esters of the monohydric alcohols are used, the alcohol formed may be 
recovered. Fatty acids are not favored as a starting material because of 
their corrosive properties and side reactions. 

The method of preparing the higher alcohols by sodium-alcohol reduc¬ 
tion of the esters of the fatty acids has long been known but the yields 
were too poor to be of practical use. More recently the method has been 
modified and improved to such an extent that it is used commercially on a 
large scale. The reaction is usually carried out on coconut oil or similar 
oils because the resultant fatty alcohols are preferred as intermediates for 
certain detergents. 

A patent issued to Scott and Hansley* 4, **• 48 discloses the preparation 
of high-molecular weight alcohols by the reduction of esters of the fatty 
acids with sodium and a lower aliphatic alcohol. The general reactions 
involved may be represented as follows: 

RCOOR' + 2CjH»OH + 4Na -♦ RCHjONa + R'ONa + 2CjH*ONa 

Fatty Acid Hydrolytic Sodium Sodium Alcoholales 

Ester Alcohol 

RCHfONa + R'ONa + 2C,H*ONa + 4H,0 —► RCHjOH + R'OH + 2C 2 H $ OH 

Fatty Ester Hydrolytic 

Alcohol Alcohol Alcohol 


+ 4NaOH 



METHODS OF PRODUCTION 


73 


In the above equations, the fatty acid ester may be an ester of a lower 
aliphatic alcohol or of glycerol. If a glyceride is used as a starting material 
the final products will be a mixture of fatty alcohols, corresponding to the 
fatty acids originally present in the fat, a corresponding amount of glyc¬ 
erol, hydrolytic alcohol of the same kind and amount as in the starting 
reaction, and caustic soda. 

As originally carried out, the method consisted of placing pieces of 
metallic sodium in a container and slowly adding an ethyl alcohol solution 
of the ester to be reduced. A large excess of solvent alcohol and sodium 
were used. The alcohol functioned as a solvent and also as a reactant. After 
the reaction was complete, the excess sodium and sodium compounds were 
decomposed with water. Low yields were the rule because an excess of 
sodium was consumed in the evolution of hydrogen from the solvent alcohol 
rather than being used in the reduction of the ester. It was also found that 
as the reaction proceeded the viscosity of the mixture increased until it 
became a gel-like mass and the sodium became inactive. 


In order to overcome the latter difficulty, the finely divided sodium is 
suspended in a hydrocarbon. Xylene is satisfactory for this purpose and a 
sufficient quantity is used to prevent the mixture from becoming viscous. 
Yields have been improved "by maintaining the ratio between the hydro¬ 
lytic alcohol and the ester equal to not more than two moles of alcohol 
for each mole of ester group to be reduced. For example, if the ester is a 
simple one of a saturated fatty acid, methyl laurate for instance, two 
moles of hydrolytic alcohol will be used to one of the ester. If the ester is 
the glyceride of lauric acid, it will require 6 moles of hydrolytic alcohol per 
mole of glyceride, since the glyceride contains 3 ester groups. In these 
proportions the hydrolytic alcohol does not function as a solvent but only 
as a reactant. There is at all times substantially no free hydrolytic alcohol 
in the mixture since the alcohol reacts practically as fast as it is added to 
form sodium alcoholate. The hydrolytic alcohol and the esters should be 
added simultaneously to the sodium suspension and there should be no 
large excess of either alcohol or ester during the reaction. If the ester is 
added to the sodium in the absence of hydrolytic alcohol, the ester and so- 

O OH 

dium react to form certain polymeric compounds, acyloins, R—C^-CH—R 
The alcohol-ester solution is added slowly with vigorous agitation and the 
temperature maintained at 100 to 115°C. When the reaction is complete 
the excess sodium is reacted with alcohol. Then water is used to change the 
alcoholates to alcohols and to wash the reaction mixture. It is preferable 
to use only the theoretical amounts of sodium, that is 4 moles per mole of 
ester group to be reduced, with a slight excess to take care of traces of 
water which may be present. 
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It has been found that hydrolytic alcohols of higher molecular weight 
form alcoholates which are more soluble in hydrocarbon solvents than 
the ones of lower weight. Methyl cyclohexanol, CH, C,H 10 OH, is satis- 
factonly used in plant practice and has the further advantage over the 
lower alcohols of being easily recovered. The aqueous solution of glycerol 
and caustic is separated by settling from the fatty alcohol and solvent 
xylene. The aqueous solution may be used where its caustic content is of 
value, as in saponification for instance, and the glycerol then recovered. 
The xylene is removed by distillation and the fatty alcohol purified, and 
fractionated, if desired, by distilling. 

Glycerol by Interesterification 

Interesterification refers to those reactions in which an ester of a fatty 
acid reacts with fatty acids, alcohols, or other fatty acid esters to produce 
an ester differing from the original. The replacement of the alkoxy group 
of an ester with the alkoxy group of an alcohol is more specifically referred 
to as alcoholysis. This, like other esterification reactions, is readily revers¬ 
ible. It may be represented as 

RCOOR' + R"OH RCOOR" -f R'OH 

When carried out with a specific alcohol, for instance methanol, it may be 
called methanolysis from the name of the alcohol. Alcoholysis can be carried 
out by refluxing an ester with an excess of the alcohol in the presence of 
alkaline or acid catalyst. It is usually easier to replace a higher alcohol with 
a lower one. The reaction proceeds easily at a moderate temperature and 
has received the attention of investigators for the last 100 years, the 
alcoholysis of fats being most commonly studied. Methanolysis as applied 
to the production of glycerol may be represented: 

CHjOOCRi CH,OH R,COOCH, 

CHOOCRj + 3CH.OH CHOH + R 2 COOCH, 

CHjOOCRj CHjOH R.COOCH, 

Glyceride Methanol Glycerol Methyl esters of 

fatly acids 

Alcoholysis of glycerides is readily carried out by treating the fat with 
an excess of alcohol in the presence of an acid or alkaline catalyst. For 
instance, coconut oil refluxed with about an equal quantity of methyl 
alcohol and 5 or 10 per cent sulfuric acid readily yields the methyl esters 
and glycerol. The alkali catalyzed reaction proceeds more easily at lower 
temperatures and with better yields. It appears that alcoholysis consists 
of two reactions, first saponification, then re-esterification. 
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There has recently been considerable activity toward adapting alcoholysis 
methods to practical use. A patent issued to Bradshaw and Meuly 7 de¬ 
scribes mixing a dry neutral fat with about l.G equivalents of anhydrous 
methyl alcohol containing from 0.1 to 0.5 per cent of caustic soda based on 
the weight of the oil. It is warmed to 80°C and in an hour the reaction is 
98 per cent complete. About 90 per cent of the glycerol separates with some 
methyl alcohol as a lower layer. The upper layer consists of methyl esters, 
unreacted alcohol, the rest of the glycerol, alkali and soap. The methyl 
esters are purified by washing with water. This process is differentiated 
from prior practice by the fact that so little alcohol is used that there is 
no intersolubilizing effect and the glycerol layer separates readily. It may 
be noted that the process is limited to a substantially neutral oil. 

Wright and co-workers 76 have reviewed the conditions for alcoholysis 
with alkaline catalysts. The reaction requires 1.6 equivalents of anhydrous 
alcohol per equivalent of neutral fat and 0.5 per cent NaOH on the basis 
of the oil. The reaction is complete in one or two hours at a moderate 
temperature. The glycerol layer is withdrawn and the ester layer is acidi¬ 
fied and washed with water to remove free glycerol, alcohol and salt. For 
best results the oils should be nearly neutral. If free fatty acids are present 
soap is formed and the mixture tends to gel and must be acidified. The 
presence of moisture promotes soap formation. A continuous method for 
cariying on the reaction appeared to have promise. Advantages of alco¬ 
holysis are: ( 1 ) the reaction proceeds rapidly and gives a good yield, ( 2 ) the 
glycerol separates in a fairly concentrated alcoholic solution, and (3) the 
glycerol and esters are of a light color. The principal objections are that 
the fat must be dry and neutral and that the alcohol must be recovered. 

From the literature it appears that investigators prior to this time had 
been concerned principally in reacting a neutral fat. It is apparent that the 
process, to be of general utility, must be adapted to the handling of fats 
containing a considerable percentage of free fatty acids such as are com¬ 
monly encountered. Working along this approach, a patent issued to Keim 35 , 
in 1945, discloses a method of applying alcoholysis to low-grade fats. In 
this case the glycerides containing free fatty acids are treated at 20 to 
150°C with an alcohol and an acidic esterification catalyst until the free 
fatty acid content is reduced, after which an alkaline alcoholysis catalyst 
is used to convert the glycerides to alkyl esters with the liberation of 
glycerol. Among other acidic catalysts, H 3 P0 4 or H 2 SO 4 may be used to 
the extent of 0.03 to 0.1 moles per mole of fatty acids together with a large 
excess of an alcohol, such as methanol. The glyceride must be substantially 
anhydrous. The water formed in the esterification of the free fatty acids 
may be removed by drying or by distilling sufficient alcohol from the 
mixture to reduce the water content. After the removal of the free fatty 
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acids by the esterification step, the mixture is subjected to alcoholysis 
which may be accomplished by methods previously described or by the 
method disclosed in a patent Issued to Allen and Kline 1 . 

In the latter method, the alcoholysis is carried on in a continuous manner 
by treatment with alcohol and a catalyst at a temperature above the boiling 
point of the alcohol, at a pressure sufficient to maintain the alcohol in a 
liquid state. The fat, a large excess of alcohol, and 0.03 to 0.1 moles of 
catalyst per equivalent of glyceride are premixed and passed continuously 
into a reaction coil heated to 80 to 160°C at a pressure of 75 to 150 psi. 
The catalyst may be NaOH, or Na 2 C0 3 among others. The reaction time 
in the coil is 10 minutes. The alcohol is distilled prior to settling, the 
temperature of distillation being kept below the temperature of reversal of 
the alcoholysis reaction. The glycerol is then separated by settling and the 
fatty acid-alcohol esters are acidified, washed, dried and distilled. If the 
catalyst and reactants are moisture free, the oil and alcohol going into 
the reaction may be heated separately before passing to the coil, resulting 
in a shorter reaction time. 

According to a patent issued to Trent 70 , the glycerides are treated at 
relatively low temperatures, 40 to 50°C with alcohol and sufficient al¬ 
coholysis catalyst to leave the mix alkaline. The excess alcohol is removed 
by distilling, after which the residue is acidified to neutralize the catalyst. 
The acid results in sharper separation of the fatty acid esters and glycerol. 
The alcohol is distilled off at 110 to 123°C. The esters are recovered by 
distillation and the residue of partly reacted glycerides is returned for 
further processing. A number of other patents 4 - 14 • 62 • 69 have been issued 
to the same group of co-workers previously mentioned. 

In reviewing the possibilities afforded by the alcoholysis method, it 
appears that the process is well adapted to the production of fatty acid 
esters. However, it is problematical if it can compete in soap-making with 
the more direct method of continuous high-pressure hydrolysis, more par¬ 
ticularly because of the greater number of operations involved and the 
expense of recovery of alcohol from both the soap and the glycerol solution. 

Glycerol by Fermentation 

In his studies of the alcoholic fermentation of sugars as ordinarily 
carried on for the production of fermented liquors, Pasteur found that 2 
or 3 per cent of the sugar fermented is normally converted into glycerol. 
Shortly before World War I, Connstein and Ludecke devised a fermentation 
process by which an increased yield of glycerol is obtainable. This was used 
in Germany during World War I for the production of glycerol on a large 
scale, stated to be from 800 to 1,000 tons per month. Another process re¬ 
sulted from the work of Eoff, Linder and Beyer, in the United States, 
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which was proved to be operable. Neither of these processes is competitive 
with by-product glycerol from fats under normal economic conditions in 
this country. 

Both of the methods are modifications of the ordinary alcoholic fer¬ 
mentation of sugars, the mechanism of which was studied by Neuberg 
and later by Embden and Meyerhof. The following is a representation of 
the Embden-Meyerhof explanation of the normal fermentation of sugar to 
alcohol as given by Hilditch: 


1 Hexosediphosphoric acid -f 1 Glucose + 2 Phosphoric acid 

i 

4 Triosephosphoric acid 



2 Glyeerophosphoric acid + 2 Phosphoglyceric acid 

i 

2 Acetaldehyde + 2COj 

+ 

1 Glucose + 2 Phosphoric acid 

l 

2 Triosephosphoric acid + 2 Acctaldehvdc 

1 

2 Phosphoglyceric acid -f 2 Ethyl alcohol 


Although not shown on the above scheme, it should be mentioned that 
phosphoglyceric CHt(P04H*)*CH0H-C00H acid yields pyruvic acid 
CH 3 COCOOH, and then acetaldehyde. From this scheme it may be noted 
that, after the initial formation of glyeerophosphoric acid and phospho¬ 
glyceric acid, the production of alcohol depends upon the continuous inter¬ 
action between the acetaldehyde so formed and more triosephosphoric 
acid. If this sequence of reactions is interrupted by the removal of the 
acetaldehyde, by bisulfite as in the German process, or by alkali as in the 
American process, the triosephosphoric acid is continuously transformed 
into glyeerophosphoric acid and phosphoglyceric acid. Glyeerophosphoric 
acid, CH 2 OH- CHOH- CH 2 (H 2 P0 4 ) accumulates in an amount equivalent 
to the acetaldehyde freed by the sulfite or the alkali and ultimately yields 
glycerol by hydrolysis and removal of the combined phosphoric acid. 

In the sulfite process, a 10 per cent solution of glucose or sucrose, con¬ 
taining yeast nutrients and an amount of neutral sodium sulfite equal (as 
anhydrous salt) to 40 per cent of the weight of the sugar, is fermented 
with ordinary brewers’ yeast (S. cerevisiae) for about 48 to 60 hours at 
30°C. According to Lawrie 42 the fermented mash after filtering contains 2 
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to 3 per cent of glycerol, 1 to 2 per cent of ethyl alcohol and 1 per cent of 
acetaldehyde, in addition to acetic acid and inorganic salts, etc. The filtrate 
is first distilled to recover the alcohol and acetaldehyde and the residual 
slop purified, prior to evaporation, by boiling with calcium chloride and 
some calcium hydrate to precipitate calcium sulfite, leaving sodium chloride 

m * 0 ‘ llt , Ion \ The calcium su,fite ^ removed by filtration and the filtrate 
acidified and then treated with an excess of soda ash to precipitate the cal¬ 
cium and iron compounds. After filtering again, the filtrate is acidified and 
evaporated to a point where the salts begin to separate. This concentrate 
is stored and cooled and a considerable amount of salt crystals, mostly 
sodium sulfite, separates. The solution is brownish-green, saturated with 
sodium sulfite and contains 14 to 18 per cent glycerol. Even though the im¬ 
purities arc removed as far as practical, the resultant crude glycerol contains 
sodium sulfite and thiosulfate with no more than 60 per cent glycerol. As 
a result, large amounts of hydrogen sulfide, mercaptans, etc., are evolved 
on distillation and it is necessary to double-distill the crude to obtain a 
dynamite grade of glycerin. The total loss of glycerol up to the dynamite 
grade is about 40 per cent of the glycerol present in the raw slop. From 10 
to 12 kg of refined sugar is required to make 1 kg of dynamite glycerine. 
There is considerable trimethyleneglycol formed which must be separated 
during distillation. 

'The American method is carried out in the same general manner as the 
sulfite process using a special variety of yeast, S. ellipsoidcus var. Steinberg, 
yeast nutrients, and an alkaline salt. A solution containing 15 to 17 per cent 
sugar is fermented at 30°C, using sodium carbonate equal to 1.25 per cent 
of the sugar present. Further additions are made as the fermentation pro¬ 
gresses until 5 per cent has been added. The fermentation requires 4 or 5 
days for completion. The mash is filtered and the alcohol recovered by dis¬ 
tillation. The slop is boiled with lime and coagulating agents and worked 
up by the same procedure as used for the sulfite liquor. It is said that a 
yield of 20 to 25 per cent of glycerol on the weight of the sugar is obtained, 
one-half of which is recoverable as dynamite grade. The yield of alcohol 
is 30 per cent and there Ls no acetaldehyde produced. 

Either process may be operated using blackstrap molasses as a source of 
sugars, but a lower recovery of glycerol results because of the presence of a 
large percentage of non-sugar organic matter in the molasses. An average 
Cuban blackstrap molasses contains about 47 to 48 per cent fermentable 
sugars. In the American process, about 21 per cent of the sugars are con¬ 
verted to glycerol, 36 per cent to ethyl alcohol, and 7 per cent to acetic- 
acid. Assuming the mash has a content of 15 per cent fermentable sugars 
for each 100 parts of molasses, a slop would be produced containing approxi- 
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mately the following: 



<%) 

Glycerol 

10 

Ethyl alcohol 

17 

Acetic acid 

3 

Aah 

8 

Sodium carbonate 

16 

Organic non-sugars 

22 


After distilling off the alcohol, there would remain 10 parts of glycerol 
distributed in about 50 parts of solids. Under these conditions, probably 
less than half the glycerol is recoverable by concentration and distillation. 
The slop may be treated with ferrous sulfate and then with hydrated lime to 
precipitate the organic non-sugars, after which it is filtered and evaporated 
to a 30 per cent glycerol concentration. It is said that 85 to 90 per cent of 
the glycerol may be recovered from this clarified slop but the cost is in¬ 
creased considerably by handling in this manner. 

Both of the processes described in the foregoing paragraphs are operable 
on a commercial scale. The sulfite process has been used extensively in 
Germany, but the fermentation processes have not been employed in the 
United States to any important extent. The outlook for the fermentation 
processes in the future is even less bright in view of the advent of glycerol 
synthesized from petroleum. They are attended by serious difficulties, 
chiefly in rectification to high-grade glycerol at an economic cost 7 *. For a 
detailed account of the fermentation process, see the account of Lawrie 4 *. 


Glycerol by Hydrogenolysis 

Glycerol can be produced by the hydrogenolysis of carbohydrates such 
as sugar, starch, straw or sawdust 40,41 . However, the yield is poor because 
of side reactions which give considerable quantities of propylene glycol 
and higher polyhydric alcohols. Before and during World War II the process 
was developed in Germany to give a glycerol substitute called Glycerogen. 
The process and product have been described by Burgin 9 and by Sheely 63 . 
Sheely’s report, based upon information obtained at the I. G. Farben plant 
at Hoechst, states that the plant used refined beet sugar and had a capacity 
of 180 tons of product per month. The sugar, in 70 per cent solution, was 
mverted at 70°C with 0.1 per cent of oxalic acid. After inversion, calcium 
carbonate was added to pH 7.5 and then the catalyst was added. For a 
catalyst, nickel deposited on pumice powder was used in the amount of 
5 per cent of nickel based on the weight of original sugar. The catalyst 
was recycled, 4 parts of old and 1 part of new being used. The solution 
was then diluted to 42 to 44 per cent sugar content and pumped into a series 
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IrTn ( “! ar react ° rs t0gether with pure hydrogen. Hydrogen velocity 

was 10 times the rate of solution flow and served to keep the catalyst in 

Zl7?'° n ' floT J 8 u ketS h6ated the reaCtore ' The ^mperature was grad- 

nf tv, T . “ thC Start t0 20000 at the end of the reaction. Operation 

of the Plant was continuous. The product from the reactors was filtered, 

concentrated and bleached. It was used for making dynamite, in cellophane 

sausage casings, printing pastes, printers' rolls, etc. Yield was 92 per cent 

of the original sugar. Composition of the product was approximately 40 

materin , 87 | Cr r’ 40 T* propylene g |yco1 . “nd 20 per cent of various 

gly “'' Sp “ is ° er * vily 

At about the same time, Lenth and DuPuis also investigated the hy¬ 
drogenous,s of dextrose and sucrose”. The sugar was suspended in methanol 
together with a copper-aluminum oxide catalyst and hydrogenated at 240°C 
and 1500 pounds pressure psi. About 60 to 65 per cent of distillable product 
was obtained. This product consisted of about 60 per cent propylene glycol 
and 40 per cent of a mixture of glycerol and other polyhydric alcohols. The 
glycerol and other polyhydric alcohols (the latter being present in the 
larger amount) could not be separated by ordinary distillation methods. 


Glycerol from Propylene* 

The commercial synthesis of glycerol has been the goal of many investi¬ 
gators. Several possible routes to glycerol by chemical conversion have 
begun with materials which until recently have been readily prepared only 
from glycerol itself. Thus, Berthelot and de Luca, in 1856, regenerated 
glycerol from 1 ,2,3-tnbromopropane (which they had made from glycerol) 
by treatment with moist silver oxide. A number of workers have been in¬ 
trigued by the possibility of synthesizing glycerol from 1 , 2 , 3 -trichloro- 
propane, but this compound is not easily obtained by direct chlorination of 
propane or propylene, and when obtained is not readily hydrolyzed to 
glycerol (m alkaline solution much 2 -chloro- 2 -propen-l-ol is formed, and 
in neutral or acid solution the rate of hydrolysis is low) 75 . 

Propylene dichloride has been proposed as an easily prepared inter¬ 
mediate for glycerol synthesis, but its conversion into possible further 
intermediates is difficult; chlorination leads mainly to the 1 , 2 , 2 -isomer of 
tnchloropropane, and catalytic or non-catalytic dehydrohalogenation to 
allyl chloride” • 75 gives poor to fair yields and conversions. 

There have been numerous proposals for the production of glycerol by 
the destructive hydrogenation of sugar” • 70 • «■ «. w or by the poly- 

■ A Contribution of the Staff of Shell Development Company, Emeryville Cali- 

fornia. ’ 
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merization of formaldehyde followed by hydrogenation with carbon bond 
cleavage 31,51 ; however such processes seem to lead to a complex of products. 

A variety of miscellaneous synthetic processes have been suggested in 
the literature; these start with either glycolic aldehyde, sodium butyrate, 
methanol, acrolein, ethoxy ethyl acetate, sym-dichloroacetone, or a mix¬ 
ture of carbon monoxide and hydrogen 8 . None of them appears to have 
advanced beyond the speculative or small laboratory stage. 

The key to glycerol synthesis has proved to be the direct high-tempera¬ 
ture vapor-phase chlorination of propylene, which when conducted in the 
range 400 to 600°C gives high yields of allyl chloride' 5, 18, ,8 , 23 , 24 , 26 - 76 : 

CH,=CH—CHj + Cl, -* CH^-CH -CH,C1 + HC1 

This reaction, discovered in the laboratories of Shell Development Com¬ 
pany, has opened the way to the economic production of many useful 
derivatives as well as glycerol; among them may be mentioned allyl alcohol, 
allylamines, epichlorohydrin, glycerol dichlorohydrins, trichloropropane, 
poly-chlorinated propylenes for nematocides, allyl esters for resins, glycerol 
ethers and esters, cyclopropane, and allyl-type barbiturates 84 . 

In carrying out this reaction the problem is essentially that of mixing 
propylene and chlorine very rapidly at elevated temperature. Chlorination 
at too low a temperature leads to addition rather than substitution in the 
propylene molecule; and addition takes place to an appreciable extent even 
at reaction temperatures as high as 600°C. Failure to mix properly leads 
to ignition or extensive decomposition to carbon. Likewise excessive con¬ 
tact of hot chlorine with metallic surfaces leads to conditions subsequently 
giving heavy carbon deposits. The pilot-plant reactor as finally evolved 
consisted of a cross ' 0 leading into a reaction tube; preheated propylene 
is fed into the sides of the cross, cold chlorine down the center, and the 
well-mixed effluent then allowed to react down stream. With a high ratio 
of propylene-to-chlorine, yields of 80 per cent of allyl chloride are obtained. 
The most important remaining constituents of the reaction product are 
dichloropropane, as indicated above, and 1,3-dichloropropene formed by 
the further chlorination of allyl chloride: 

CH,=CH—CH,C1 + Cl, — CHC1=CH—CH,C1 + HC1 

together with other C 3 mono- and dichlorides. 

In the Shell Chemical Corporation plant at Houston, where the first 
successful commercial synthesis of glycerol has been in operation since 
August, 1948, concentrated propylene obtained by distillation from a re¬ 
finery propane-propylene fraction is dried, preheated to the temperature 
required to maintain the desired reaction temperature, and reacted with 
electrolytic chlorine in adiabatic reactors. Each reactor has its own product 
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cooler, and pairs of reactors and coolers operate alternately to permit 
cleanout of carbon. Hydrogen chloride and propylene are removed from 
the chlorinator product and the propylene is freed from hydrogen chloride 
and recycled; the allyl chloride is then purified by distillation for further 
treatment. For further details, see 24 . 

The allyl chloride is processed in one of two ways: 

(1) Hydrolyzed to allyl alcohol which is then treated with chlorine and 
water followed by hydrolysis to glycerol: 


CH,=CH—CH,CI- 


OH- 


CHj=CH—CH : OH 


Cl, 


H,0 


CH,=CH—CH,OH 

CH, Cl—CHC1—CH, OH 
and 

CH,OH—CHC1—CH,OH 
and 

CH,C1—CHOH—CH,OH 


OH- 


i 

-> . 


CH, OH—CH OH—CH, OH 

(2) Treated with chlorine and water to give glycerol dichlorohydrins 
which are then hydrolyzed to glycerol: 

Cl. f CH* OH—CH Cl—CH, Cl 

CH,=CH—CH,C1 and 

lU CH,C1—CHOH—CH,CI 


OH' 


CH, OH—CH OH—CH, OH 

Each procedure has its advantages and disadvantages: (1) is shorter 
but involves more difficulties in the chlorohydrination steps than are en¬ 
countered in (2). The desirability of securing various intermediates for 
their own sakes is also a consideration in the choice of methods. 

Considering first the process using allyl alcohol 68 , allyl chloride is hy¬ 
drolyzed by dilute caustic soda in a conventional pump and time tank 
reactor operated adiabatically. The temperature level employed is about 
150°C and the pressure about 200 psi gage. Dilute sodium hydroxide solu¬ 
tion is continuously added to the circulating stream in substantially stoichi¬ 
ometric proportions and the pH is normally maintained between 10 and 12. 
Diallyl ether is the major co-product; its yield increases at the expense of 
allyl alcohol as alkalinity increases, especially at higher alcohol concen¬ 
trations. Under favorable conditions, allyl alcohol yields exceed 90 per cent. 
For further details on allyl alcohol production, see ,8 . 

Reaction of allyl alcohol with chlorine and water readily yields a mixture 
of mono- and dichlorohydrins, chiefly end products indicated above. Water 
must be present during this step for good results, otherwise by-product 
formation is excessive. The chlorohydrins when neutralized and hydrolyzed 
by buffered alkali furnish crude dilute glycerol in yields of about 90 per 
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cent on allyl alcohol, with some 4 or 5 per cent of heavy ends 76 . The crude 
glycerol is then worked up as described later. 

Returning to the other alternative, direct chlorohydrination of allyl 
chloride, a more difficult situation is presented, since here the allyl com¬ 
pound is of low water solubility. In order to minimize side reactions it is 
necessary to avoid direct contact of the chlorine and allyl chloride. A 
preferred method is to use a cooled recirculating system; the chlorine is 
dissolved in one part and the allyl chloride is dissolved and suspended in 
another, the streams being brought together in the main reaction zone. 
A separator to remove water-insoluble products may also be interposed in 
the recirculating system. These provisions reduce the opportunity for ex¬ 
traction of free chlorine into a nonaqueous phase and consequent reaction 
of allyl chloride with anhydrous chlorine. Chloroether formation may be 
minimized only by keeping the chlorohydrin concentration low. (A further 
means of reducing the extent of chlorine addition is to employ distilled 
hypochlorous acid instead of chlorine and water. This is producible by 
reacting chlorine, water, and sodium hypochlorite, and distilling the product 
hypochlorous acid. The distillation is conducted in the presence of chlorine 
to reduce chlorate formation.) Hydrolysis of the chlorohydrin product may 
be carried out in much the same fashion as in the process using allyl al¬ 
cohol. Under optimum conditions, dilute glycerol yields of some 90 per 
cent on allyl chloride are obtainable 76 . 

The hydrolyzed solution from either of the above procedures, containing 
5 per cent glycerol or less, is continuously concentrated to about 80 per 
cent in multiple-effect evaporators, and the resulting slurry clarified in 
centrifuges. This product undergoes further concentration and final salt 
removal by continuous flashing overhead with steam under vacuum. The 
bottoms or foots are further treated by centrifuging and semicontinuous 
flashing overhead with steam under vacuum, and added to the main over¬ 
head product. 

This desalted 98 per cent glycerol is then extracted when hot with a hy¬ 
drocarbon solvent for removal of color bodies and other impurities 7 , and 
thence goes to steam-vacuum distillation columns for removal of light and 
heavy ends, resulting in a finished glycerol of about 99 per cent purity. 
This is stored in nickel-lined tanks and shipped in special Fiberglas-in- 
sulated aluminum tank cars. 
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RECOVERY AND REFINING 


Truman M. Godfrey 

Consulting Chemical Engineer 

In the preceding chapter, methods were outlined by which glycerol is 
produced from oils and fate. From the standpoint of glycerol recovery, 
these methods all have in common the fact that the glycerol is obtained 
in the form of a more or less dilute solution accompanied by extraneous 
substances, some of which have their origin in the oils and fate used as raw 
materials, others of which are introduced during processing. The first step 
in glycerol recovery is to purify the solution by removing the non-glycerol 
substances as far as practical by precipitation and filtration; the second, 
to concentrate the solution by evaporation; and the third, to effect puri¬ 
fication to the desired degree by distillation and bleaching. 

In commercial operations, the glycerol liquors produced by the various 
methods may range from 2 per cent glycerol to 15 or 20 per cent and 
sometimes higher. It is evident that the more dilute the solution, the greater 
the expense of evaporating the excess water. As was pointed out in dis¬ 
cussing soap boiling, the procedure employed is set up largely to recover 
as high a percentage of glycerol as profitable in the most concentrated 
form practical. The kettle system of soap boiling has been modified over 
the years with this objective, progressing from the direct flow to the counter- 
current system and for still more efficiency to the continuous centrifugal 
system. In these instances, the concentration of glycerol in the lye has been 
increased successively from 2 or 3 per cent, which was common practice a 
number of years ago, up to 4 to 6 per cent when the direct flow system is 
used, then up to 8 to 13 per cent with the countercurrent system, and more 
lately up to 12 to 15 per cent when the continuous centrifugal system is 
employed. Progress in hydrolyzing fats has likewise resulted in increasing 
the glycerol in the sweetwaters. For years 8 to 12 per cent concentration of 
glycerol obtained by the Twitchell process was considered good, but it is 
now practical by high-pressure continuous autoclaving to obtain a con¬ 
centration of 12 to 20 per cent. As a consequence, a very considerable 
amount of steam is saved in evaporation and some economies effected in 
costs of treating the lyes or sweetwaters. 

In a somewhat analogous manner, the relative quantity of extraneous 
substances introduced during processing has been reduced. It has previously 
been noted that lyes from soap boiling commonly contain from 8 to 20 per 
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cent salt. It is apparent that the higher the concentration of glycerol in 
lyes, the less salt will be used in proportion to glycerol production. The 
reduction in substances added in processing is even more marked in the 
case of high-pressure autoclaving where nothing more than water is needed 
to effect the reaction. An important result is to minimize the treatment 
necessary to prepare the glycerol liquors for evaporation. 

However, there are other substances besides those added in processing 
which must be removed during the purification and refining of glycerol. 
This refers more specifically to the impurities and residues of fatty matter 
accruing from the original fats entering into the processing. The impurities 
ordinarily found consist of normal fatty acids dissolved in the glycerol 
liquors, resinous and nitrogenous compounds, color bodies, hydrocarbons, 
and fermentation products of fats and glycerol such as trimethylene glycol, 
lactic acid, succinic acid, oxidized fatty acids, fatty acids of lower molecular 
weight than the original acid, aldehydes and ketones. 

In soap boiling, the lyes carry away a substantial amount of impurities 
and coloring matter from the soap during the various changes. In the hy¬ 
drolysis of fats, relatively less of the impurities associated with the fats 
are carried into the glycerol sweet waters than is the case with soap lyes, 
but in both instances a material amount of coloring matter and other 
impurities are present prior to treatment for their removal. A portion of 
these impurities is separated in the treatment of the lyes or of the sweet- 
waters, as the case may be, and the final purification effected by distillation. 
Substantially all of the impurities present must be removed to produce the 
better grades of glycerine. 

Since the amount of impurities to be removed is closely related to the 
amount introduced by the original fat, it is evident that the light-colored, 
better grade fats are more desirable for the production of a better quality 
of glycerine. Comparable results may be obtained to a certain extent by 
pretreatment of the fats going to the soap kettle or to the splitting unit. As 
previously noted, it is common practice to alkali refine the lighter fats and 
earth bleach them prior to saponification. This, of course, greatly improves 
the lyes and produces a better grade glycerine with less purification treat¬ 
ment. A certain degree of bleaching may be accomplished in the soap kettle 
with sodium hydrosulfite. In the case of the darker fats and greases, varying 
degrees of acid pretreatments and bleaches are resorted to for improving 
soap-making qualities, and in many instances before hydrolysis, with the 
result that the lyes or sweetwaters are correspondingly improved. However, 
it should be emphasized that the quality of the fat as it is supplied for 
processing, whether it is for saponification, hydrolysis or another method, 
has a direct bearing upon the treatment necessary and upon the quality 
of the finished glycerine. It may be added that it is not customary to 
produce the better grades of glycerine from very poor greases. While it is 
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technically possible to do so with the more advanced type of equipment, the 
added expense involved in the extra processing is seldom justified. 

From the standpoint of glycerol recovery it is important to avoid holding 
crude fats in storage, particularly in hot weather, for any considerable time 
before processing. Some loss of glycerol generally takes place in storage 
through hydrolysis and in very poor fats serious loss and degradation of 
glycerol often takes place through fermentation. According to the ex¬ 
perience of Rayner 12 , 25 tons each of a bone grease with an initial 15.2 
per cent free fatty acid and a garbage grease with an 18.7 per cent content, 
stored in iron tanks for a period of six months, increased in free fatty acid 
content through fermentation to 56.3 per cent and 37.2 per cent and the 
trimethylene glycol content of glycerol derived from the fermented fats 
analyzed 0.5 per cent and 1.3 per cent respectively. 

Table 4-1. Impurities in Soap Lye Crude Glycerine Resulting from Lye 

Fermentation* 


Month 

Organic Residue 
(%) 

Glycol 

1 

2.27 

2.0 

2 

2.23 

2.1 

3 

2.50 

2.0 

4 

3.28 

2.6 

5 

4.13 

5.2 

6 

4.16 

5.9 

7 

3.94 

5.5 

8 

2.41 

2.6 

9 

2.05 

1.4 

10 

1.55 

2.5 


• Taken from A. Rayner, J. Soc. Chem. Ind., 45, 265T, (1926). 

Another important point to be observed is the prompt treatment of dilute 
glycerol liquors, particularly those from very poor stock. Serious fermenta¬ 
tion losses of glycerol may occur if they are kept in storage for too long a 
period or are stored under unsanitary conditions. Rayner 12 , in an experi¬ 
ment with sludge from a tank bottom, took the washings from the sludge 
and stored them for four days at 37°C (98.6°F). At the end of that period 
the washings lost 60 per cent of their original glycerol content as a result of 
attack by gas-producing bacteria. He further showed (see Table 4-1) the 
deterioration in the quality of crude glycerine resulting from the storage of 
spent lyes for varying periods under more or less unsanitary conditions. 
During the sixth month when the lyes used in the evaporator had been 
stored for a considerable time due to inadequate production facilities, the 
crude glycerine produced from them analyzed as high as 5.9 per cent glycol 
and 4.16 per cent organic residue. At the end of the seventh month, all the 
old lyes had been worked up and the tanks cleaned out which resulted 
in a marked decrease in fermentation impurities. Although the above is 
an extreme case, it does show the importance of frequent tank clean-outs 
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and prompt handling of glycerol liquors after processing to prevent glycerol 
degradation and losses. 

Regardless of the grade of raw stock or the method used in processing 
it, the final quality of finished glycerine is greatly affected by the chemical 
control and manipulation of the various steps in recovery and purification. 
Of first importance is the maximum removal of organic impurities from the 
dilute glycerol liquor by chemical treatment and filtration prior to con¬ 
centration. Sanger 15 points out that a wholly untreated spent lye on con¬ 
centration will produce a crude glycerine containing about 40 per cent 
glycerol and an excessive amount of organic impurities. Such a product can 
yield only an inferior quality glycerine on distillation and the excessive loss 
of glycerol in foots would make manufacturing costs prohibitive. To a 
lesser degree, inadequate chemical treatment, found in some of the smaller 
soap plants, will yield an inferior crude glycerine, which at times is not 
acceptable, or is sold at a discount to the glycerine refiners. On the other 
hand, it is possible by skilful chemical treatment to upgrade the quality 
of glycerine derived from low-grade stock. 

The chemicals most commonly used to remove impurities from glycerol 
liquors are alum (A1 2 (S0 4 ) 3 - 18HjO), ferric chloride (FeClj* CH 2 0), calcium 
chloride (CaClj), lime (CaO), soda ash (Na*COj), sulfuric acid (H2SO4) 
muriatic acid (HC1), and caustic soda (NaOH). The aluminum and iron 
salts serve as coagulants and precipitants. The other chemicals also serve as 
precipitants and to neutralize and regulate the acidity or alkalinity of the 
of the treatments. Diatomaceous earth is sometimes used for a mechanical 
aid in filtration. The choice of particular chemicals for treatment depends 
on their application and cost. 

Treatment of Glycerol Liquors 

Of the glycerol liquors, spent lye from the direct saponification of fats 
is the most important source of glycerol. It normally consists of an aqueous 
solution containing about 4 to 15 per cent glycerol, 8 to 20 per cent salt, a 
quarter of a per cent more or less of NajO both free and as Na 2 CO s , a 
fraction of a per cent of dissolved soap and other soluble organic impurities 
derived from the original fat, and a small quantity of sediment. The ordi¬ 
nary organic impurities found in spent lye are soluble nitrogen compounds, 
resins, color bodies, sodium salts of low-molecular weight and oxidized 
fatty acids, hydrocarbons, and decomposition products of fat and glycerol. 
Next in importance are the sweetwaters from both batch and continuous 
fat autoclaving. These contain 12 to 20 per cent or more of glycerol, some 
dissolved fatty acid, practically no inorganic compounds, and varying 
amounts of fat and glycerol decomposition products. Also important as a 
source of glycerol are the sweetwaters from Twitchell fat-splitting. These 
normally contain about 8 to 12 per cent glycerol, about 2 per cent of 
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sulfuric acid, practically all of the mineral salts from the saponifying agent, 
dissolved fatty acids, and depending on the grade of stock, varying amounts 
of decomposition products of fat and glycerol. As previously mentioned, 
spent lye will retain a greater percentage of the organic impurities of the 
fat than sweetwaters from the same grade of stock. 

Spent Lye Treatment. The treatment of spent lyes has been described 
by several writers during recent years, but in view of its importance with 
relation to the quality of the finished product, a review of modern methods 
is worthwhile. The treatment consists of a series of operations designed to 
remove nearly all of the organic impurities from the lye. As a first operation, 
the spent lye is commonly boiled with fatty acids or high fatty acid stock 
to reduce the content of free caustic and soda ash. Next, the lye is allowed 
to cool and solid soap is skimmed off. Following this, the lye is usually given 
the “double treatment” although in cases where very poor stocks are being 
worked, the lyes may be given a preliminary chemical treatment with 
calcium chloride and lime to remove a portion of the impurities. The double 
treatment is widely used and consists of two steps: (1) the addition of an 
acid and a coagulant followed by filtration which removes the bulk of im¬ 
purities, and (2) the addition of caustic soda to the filtrate to precipitate 
and remove the balance of coagulant in solution and to regulate the pH of 
the liquor to a point where it is least corrosive in subsequent process equip¬ 
ment. Methods of conducting and controlling these operations are described 
in the following paragraphs. 

It is common practice, particularly in the larger soap plants, to boil the 
spent lye in a kettle with high fatty acid stock to reduce any residual 
free caustic and neutralize the sodium carbonate in the lye. The fatty acids 
react readily in the boiling lye. It is not necessary to remove the soap so 
formed after each operation, but that from several operations may be ac¬ 
cumulated as part of the stock for a regular kettle. If fatty acids or high 
fatty acid stock is on hand for soap making, the two-fold economy of this 
operation is apparent. The caustic in the lye which would ordinarily be 
wasted is salvaged and the amount of acid required for neutralizing it in 
subsequent treatment is reduced correspondingly. 

The spent lye, which may or may not have been subjected to a prelimi¬ 
nary fatty acid treatment, is discharged from the kettle house to storage 
where the hard soap which separates and rises to the top of the storage 
tank on cooling is skimmed off. The skimmed soap is returned to the kettles. 
Aside from the salvage value of the soap, it is important to remove it from 
the lye because its presence adds to the difficulty of treatment and consumes 
an additional quantity of chemicals. It is desirable for smooth operation 
to have two or more spent lye tanks with a total storage capacity of about 
one week’s production to allow for cooling and skimming. 

The lye treating plant is a rather simple one. The principal equipment 
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for the double treatment consists of three wood or steel tanks, two of which 
are equipped with coils for air agitation, two filter press pumps, and two 
filter presses of either the plate and frame or recessed plate type. If the 
second filtration is omitted, and the alkaline liquor decanted instead, only 
one filter press and filter press pump is required. For the purpose of de¬ 
scription, it will be helpful to outline in detail the operation of a typical 
plant for the double treatment of spent lye as shown in Figure 4-1, following 
this with general comments and a description of modified procedures. 

For the purpose of illustration, it is assumed that the spent lye treated 
in this typical plant is of good quality derived from boiling tallow and 
coconut oil soap, and from a three or four wash countercurrent system 
in the kettles. The spent lye will contain about 10 per cent glycerol, and 
with no preliminary treatment of the lye with high fatty acid stock, will 
generally run between 0.15 and 0.25 per cent total Na 2 0. 

In the plant illustrated, a charge of 100,000 pounds of lye is pumped to 
the acid treatment tank. Lyes are generally treated while hot, and the 
liquified scum of fatty matter which rises to the top is drawn off and re¬ 
turned to the soap kettle or to a scum tank. If not removed, the fatty 
matter will foul the filter press cloth and carry over into the alkaline treat¬ 
ment to form troublesome, foamy soaps in the feed liquor to the evaporator. 
In some plants, the formation of the liquified scum on the acidified lye is 
avoided by cooling the lye to 120°F and skimming prior to treating. When 
handled in this manner, any residual fatty matter may be removed by the 
usual filtration. In preparation for the treatment, the charge of lye is 
agitated and a quart sample withdrawn for testing. Govan 4 has described 
in detail the testing procedures and calculations for determining the re¬ 
quired quantities of treatment chemicals. 

The first treatment is carried out as follows. Since it is known from 
previous experience with this type of lye that 0.35 per cent of alum 
(A1 2 (S0 4 )3- 18H 2 0 is adequate for good coagulation of the impurities, an 
equivalent amount of concentrated alum solution is added to a 100-ml por¬ 
tion of the sample, which is then titrated with standard half-normal hy¬ 
drochloric acid to a pH between 4.5 and 5. An electrometric pH meter is 
preferable for the titration but a suitable indicator such as methyl orange or 
methyl red can be used. From the titration, the equivalent quantity of 
20°B6 muriatic acid required for the treatment is calculated. Assuming, 
in this instance, that 0.3 per cent of 20°B6 muriatic acid is required, 300 
pounds of that acid and 0.35 per cent or 350 pounds of alum are added 
to the 100,000 pounds of spent lye with vigorous agitation. The alum can 
be added directly or, better, dissolved in water in a wood tub and drained 
into the treatment tank. 

After the chemicals are added and thoroughly mixed into the treatment, 
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Figure 4-1. A typical spent lye treatment plant. Material flow chart. 
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a sample is withdrawn and filtered. The filtrate should be clear and nearly 
colorless and have a pH of about 4.5 to 5.0, although a somewhat wider 
range is often found in practice. The addition of a slight excess of hydro¬ 
chloric acid should produce no precipitate. If insufficient alum has been 
used, the filtrate will be cloudy. Enough should be used so that the filtrate 
will be clear and an excess remain to form a floe in the second treatment 
when caustic soda is added. When the batch has been satisfactorily ad¬ 
justed, the treated liquor is then pumped through the acid treatment filter 
press. The initial filtrate, which is likel}' to be cloudy, is returned to the 
acid treatment tank. When the filtrate clears, it is then drained into the 
alkaline treatment tank. The residual cake is washed with water and the 
press blown with compressed air. In some plants, the washing is carried out 
by circulating water continuously from a small wash tank, through the 
press and back into the wash tank until a sufficient concentration of glycerol 
is built up in the wash water to justify its recovery. 

In the second treatment, caustic soda is added to the acid-treated filtrate 
until alkaline-to-phenolphthalein (pH 8.5 to 9). This will cause the small 
quantity of dissolved alumina to separate as a fiocculent precipitate. The 
amount of caustic soda required may be calculated from the titration of a 
100-ml sample with standard half-normal sodium hydroxide. The endpoint 
of a titration is determined either with an electrometric pH meter or with 
phenolphthalein indicator. Approximately 0.03 to 0.05 per cent of NaOII 
is normally required for the alkaline treatment. Careful pH control is very 
important and pH 8.5 is preferable to pH 9.0. Excess alkalinity will cause 
glycerol polymerization during evaporation of the lye and later in the dis¬ 
tillation of the crude. Excess acidity will allow some of the fatty acids re¬ 
maining from the treatment to distill with the glycerol. After the caustic 
soda has been added and well mixed into the treatment, a sample is with¬ 
drawn and tested to see if it is just alkaline to phenolphthalein indicator. 
The treated liquor is then pumped through the alkaline treatment filter 
press. The filtrate is returned to the original tank until clear. Then it is 
discharged to the holding tank and is ready for concentration in the lye 
evaporator to 80 per cent soap lye crude glycerine. It is important to remem¬ 
ber that a filter press containing cake from an acid treatment should not 
be used for filtering an alkaline treatment since the caustic soda in the 
alkaline liquor will combine with fatty acids in the cake to make a soap 
solution which would cause excessive foaming and priming during the 
subsequent evaporation. 

In place of a second filtration the fiocculent precipitate of the alkaline 
treatment may be allowed to settle out in a shallow layer at the bottom 
of the tank and after a few hours the clear liquor decanted and transferred 
to the evaporator feed tank for concentration. In that case, the fiocculent 
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residue is periodically removed from the bottom of the tank and recycled 
through the acid treatment to recover its glycerol content. 

Ferric chloride may be substituted for alum in the first treatment of spent 
lye. The free alkalinity of the spent soap lye is neutralized with 18°B6 
hydrochloric acid to a pH of 8 using phenolphthalein as an indicator. Ex¬ 
treme care must be exercised to avoid splitting any of the soaps by the ad¬ 
dition of too much mineral acid. The acid must be added slowly while cir¬ 
culating the lye—otherwise, local concentration of acid may be sufficient 
to cause splitting of the soap. With the lye just on the alkaline side, ferric 
chloride (liquid FeCU) is added as a precipitant for the soluble soaps. Suf¬ 
ficient ferric chloride is added a little at a time while stirring until a filtered 
sample shows no turbidity on further addition of this chemical. Samples 
are taken periodically and tested in this manner. When no further pre¬ 
cipitation takes place on the filtered sample, this part of the chemical 
treatment is completed and the lye is ready for filtration through any 
suitable filter press. At this stage the pH of the spent lye should be 4 to 4.5 
(methyl orange may be used as an indicator). If the pH is below 4, too much 
ferric chloride has been added or too much mineral acid was used in the 
initial neutralization. This is a matter of concern from the standpoint of 
equipment corrosion. Moreover, with decreased pH, the iron soaps may 
tend to liberate free fatty acids. 

There is a disadvantage in the use of alum and sulfuric acid in that they 
react with the alkali of the lye to form sodium sulfate, which becomes an 
objectionable impurity in the salt recovered during the evaporation of the 
purified lye. The salt so recovered is generally reused in graining out kettle 
soap and contains an appreciable percentage of adhering glycerol liquor, 
some of which may be lost in kettle operations. The presence of sodium 
sulfate in the recovered salt increases the percentage of glycerol retained 
and may result in a correspondingly greater loss of glycerol from this 
source. Further, as the percentage of sodium sulfate builds up to 12 or 15 
per cent or more, it interferes with the proper operation of salt separators 
and also reduces the effectiveness of the salt in graining out soap in the 
kettles. When the salt is no longer satisfactory for use, it is discarded. The 
selection of chemicals for treatment is primarily influenced by comparing 
the higher first cost of ferric chloride or possibly aluminum chloride, and 
hydrochloric acid with the disadvantages incurred through the use of lower- 
priced sulfuric acid and alum. 

For best results, it is important to use sufficient coagulant in the acid 
treatment to produce a nearly water-white filtrate. Insufficient coagulant 
will result in a yellowish filtrate. The impurities imparting the yellowish 
color to the liquor tend to persist through the concentrated crude glycerine 
and are difficult to remove by distillation and bleaching. The required 
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minimum quantity of coagulant, such as alum, for example, for any given 
spent lye may be determined in the laboratory by testing several samples 
of the lye in question with varying proportions of alum, and adjusting the 
test samples to a pH of 4.5 to 5 with acid. Samples with an inadequate pro¬ 
portion of alum will produce a filtrate which has a yellowish cast and may be 
somewhat turbid. An adequate amount of alum on the other hand will 
produce a clear filtrate which is nearly colorless. A reasonable excess of 
alum is not harmful in the treatment and will provide a margin of safety. 
The effective concentration of coagulant appears to be governed not only 
by the grade of stock from which the lye is produced but also by the con¬ 
centration of glycerol in the lye. Lyes from poor stock require large amounts 
of coagulant. From the same grade of stock, lyes of higher glycerol con¬ 
centration, 8 to 13 per cent, resulting from countercurrent kettle systems 
require considerably more coagulant for good results than those from direct 
flow systems of 4 to 6 per cent glycerol. For the latter, as little as 0.15 
per cent of alum may be adequate, while the more concentrated lyes may 
require 0.5 per cent or more of alum for removal of the color bodies. With 
the higher concentrations of coagulant, a pH of 5 to 5.5 is satisfactory for 
the acid treatment. 

Another method of spent lye treatment, the calcium chloride-soda ash 
method, is used to some extent in this country. The addition of a slight 
excess of calcium chloride solution to the lye precipitates the soaps present 
but does not remove much of the other impurities. Consequently, in poor 
grade lyes calcium chloride is not as effective as aluminum or iron salts. 
After removing the precipitate by filtration, the excess calcium in solution 
in the filtrate is then precipitated as calcium carbonate by the addition 
of soda ash. The lye is then filtered and is ready for concentration to 80 
per cent soap lye crude glycerine. Although treatment costs of the calcium 
chloride-soda ash method are considerably less than those of other methods, 
the crude glycerine produced is suitable only for the production of yellow 
distilled and high gravity grades and is not satisfactorily distilled for C.P. 
and U.S.P. grades of refined glycerine. 

The double treatment is effective in the majority of cases, particularly 
where the spent lyes from good grades of stock are concerned. However, 
as previously noted, it is sometimes necessary to subject lyes from very 
poor stocks to a preliminary treatment with lime to remove a substantial 
amount of impurities by precipitation and filtration. This preliminary 
purification, followed by the regular double treatment, Inis been found 
effective in handling refractory lyes. A variation of this method, which has 
been used successfully, is to give the lye a preliminary treatment with lime 
and calcium chloride followed by filtration. The filtrate is acidified and a 
coagulant added, followed by filtration. The excess of calcium is removed 
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from the filtrate by precipitating with soda ash and filtering. The filtrate 
is made slightly acid prior to evaporation. 

A simplification of the double treatment of spent lyes described is the 
single treatment, a method which has been used to a considerable extent. 
The coagulant and acid are added in the same manner as in the double 
treatment but, as usually practiced, the quantity of acid used is slightly less 
than required to neutralize the alkalinity of the lye. After a single filtration, 
the lye is ready for evaporation, the filtrate being slightly on the alkaline 
side, as noted. While the single treatment requires less equipment and 
labor the results in general are not as dependable as those obtained by 
double treatment. 

A variation of the single treatment sometimes employed utilizes a slight 
excess of acid so that the filtrate is on the acid side. While there are certain 
advantages in evaporating an acid liquor, the corrosion problems have been 
serious. However in recent years, the development of corrosion-resistant 
metals has overcome this difficulty. The object of evaporating on the acid 
side is to remove by volatilization a substantial proportion of the fatty 
acids which persist through normal treatment and remain in the treated 
lyes, thereby reducing the quantity of these impurities which go to the still. 
The fatty acids are difficult to separate completely from glycerol during 
distillation and appreciable amounts of fatty acid esters are often present 
in distilled glycerol, probably as the monoglycerides which have boiling 
points close to that of glycerol. The lower acids, such as butyric, valeric, 
and caproic, impart unpleasant odors to glycerol, particularly when their 
esters are hydrolyzed to the free fatty acids. 

With the conventional double treatment, the alum removes only about 
one-half of the lower fatty acids present in the lyes from reasonably good 
soapstocks. When evaporated on the alkaline side, an additional small 
amount, about 10 per cent, is lost in concentrating to crude. The resulting 
crude contains about one-third of the volatile soluble acids originally 
present in the lye before treatment. This may be in the order of 0.5 per 
cent calculated as butyric acid on the crude. For the purpose of reducing 
the fatty acids as far as practical in the crude before going to the still, it 
is good practice to finish the half-crude by acidifying and evaporating 
at a pH of about 4. When operating in this manner, the soap lyes are given 
the usual treatment and evaporated to half-crude on the alkaline side, but 
after acidulation, the evaporation must be carried on in corrosion-resistant 
equipment. The volatile fatty acids are materially reduced in the crude 
and a better quality of distilled glycerine more readily obtained on dis¬ 
tillation. 

Twitchell Sweetwater Treatment. Twitchell sweetwaters, unless from 
very poor stock, offer little difficulty in their treatment. As mentioned 
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previously, sweetwaters should be processed promptly after the split to 
avoid degradation and loss of glycerol from fermentation. It Is more im¬ 
portant for this reason for the Sweetwater storage and processing tanks to 
be cleaned periodically. 

The major equipment required for the Sweetwater treatment plant Ls 
similar to that for spent lye. It consists of three tanks of which two are 
equipped with perforated coils for air agitation, two filter press pumps 
and two filter presses of either plate and frame or recessed plate type. If 
the precipitate in the second treatment is separated by settling and decan¬ 
tation rather than by filtration, then only one filter press and filter press 
pump is required. 

For the first treatment, Sweetwater is drawn from the splitter tub to the 
neutralization tank and any fatty acids rising to the top of the liquor are 
skimmed off. While the liquor is being vigorously agitated, an excess of 
lime is added. Enough lime is added to neutralize the acid in the liquor to the 
phenolphthalein endpoint, plus an excess of about 0.23 per cent calculated 
as CaO. An experienced operator can judge from the appearance of foam 
when sufficient lime has been added. This is verified, for example, by filter¬ 
ing a sample of the neutralized sweetwater and titrating a 25-ml portion 
with quarter-normal II 2 SO 4 and phenolphthalein indicator. Eight ml of 
the quarter-normal acid, which is equivalent to an excess of 0.23 per cent 
CaO in the treated sweetwater, should cause the red color of the indicator 
to disappear. If the treatment is off one way or the other, it is adjusted by 
adding more lime if too acid, or more sweetwater if too alkaline, until it 
meets the above test. Instead of relying upon the judgment of the operator, 
the amount of lime can be determined in advance by titrating a sample of 
the original sweetwater with normal NaOH to the phenolphthalein end¬ 
point. The excess lime is calculated directly from the size of the treatment 
and the equivalent quantity of lime required to neutralize the acid in 
the treatment is calculated from the titration. The sum of these two is the 
amount of lime needed in the first treatment. 

The neutralized sweetwater is filtered through an iron filter press and the 
clear filtrate is concentrated in an evaporator to a 20°B6 gravity or half¬ 
crude glycerine. The half-crude is removed to a tank for the second treat¬ 
ment. 

The purpose of the second treatment is to eliminate as far as practicable 
the excess lime which has increased during concentration. This is done 
either by precipitation as calcium carbonate by the addition of soda ash or 
by precipitation as sulfate by the addition of sulfuric acid. In either case, 
the precipitate is separated by settling and decantation or by filtration! 
The clear half-crude glycerine is then further concentrated in an evaporator 
to a gravity of 27.5°B6 taken hot, which is equivalent to 88 to 90 per cent 
saponification crude glycerine. 
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If the excess lime in the half-crude is to be precipitated as the sulfate, 
then the half-crude glycerine is agitated vigorously and a small amount of 
60°B6 H£0< is added until the excess of lime has been reduced to 0.08 
per cent CaO referred to phenolphthalein endpoint. This condition is de¬ 
termined in a manner similar to that used in the first treatment. A sample 
of the acid-treated liquor is filtered and 25 ml of the filtrate is titrated with 
quarter-normal H 2 SO 4 and phenolphthalein indicator. Only 0.3 ml of titra¬ 
tion, equivalent to an excess of 0.08 per cent CaO, should be required to 
turn the test solution colorless. If the treatment is not correct, it is adjusted 
either with more 60°B6 H*S0 4 or with more untreated half-crude, depending 
on the results of the test. As in the first treatment, the quantity of acid 
needed in the second treatment may be determined beforehand by titrating 
a sample of the half-crude liquor and calculating from the titration the equiv¬ 
alent amount of sulfuric acid required. The acid-treated half-crude glycerine 
may be allowed to settle for several hours and the clear liquor removed 
by decantation, or the solution may be filtered immediately to produce 
clear liquor, which is ready for final concentration to saponification crude 
glycerine. The settlings from the decantation method, which contain an 
appreciable amount of glycerol, are returned periodically to the neutral¬ 
izing tank to be recycled with fresh sweetwater. 

If soda ash is used as the precipitant in the second treatment, very much 
the same procedure is followed as for the acid treatment. An amount of 
soda ash calculated to precipitate the excess lime as carbonate is added to 
the treatment. The precipitate is removed in the same way as in the acid 
treatment and the clear half-crude is concentrated to 88 per cent saponifi¬ 
cation crude in an evaporator. 

Alum, Al 2 (S 0 4 ) 3 - 18H 2 0, is often used additionally in the first treat¬ 
ment to remove colloidal matter and color bodies. The elimination of the 
latter at this stage is important since they are difficult to remove during 
distillation and bleaching. The concentration of alum needed to effectively 
precipitate the color bodies and organic impurities may be predetermined 
experimentally as they are for the spent lye treatment. The amount re¬ 
quired is usually 0.1 to 0.2 per cent. Then sufficient hydrated lime is added 
to neutralize the sulfuric acid and precipitate the alum as Al 2 (OH) 6 . The 
neutralized sweetwater is filtered through a plate and frame press and the 
cake washed. The filtrate should be slightly alkaline to phenolphthalein. 
The filtered sweetwater is then treated with about 0.25 per cent soda ash 
to precipitate the excess calcium and filtered to remove the CaC0 3 , after 
which it is ready for concentrating to saponification crudes. It is a good 
practice to filter the finished crude at 200°F with a filter aid to remove 
precipitated salts. 

There are numerous variations of the regular methods of treatment just 
described, and other chemicals are sometimes used. 
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As pointed out in the treatment of spent lyes, glycerol losses can be 
reduced by water washing of the filter cake. Trauth" states that 3 per cent 
of the glycerol originally available in the fats to »>e split is lost, if the cake 
is not washed. This loss can be reduced to 1 per cent by water washing. The 
water washings, usually too low in glycerol to justify concentration, are 
used as make-up water in fat splittings. 

Autoclave Sweetwaters. In general, the sweetwaters from autoclaving 
are readily purified and require less treatment than those from the Twitchell 
process where considerable mineral acid is present. The use of the catalysts, 
zinc oxide, lime, magnesia and the like, do not affect the treatment of the 
sweetwaters because the insoluble metallic soaps formed in the process 
become a part of the fatty phase. 

Ordinarily, the sweetwaters from autoclaving are settled and skimmed of 
dirt and insoluble fatty material. This is preferably followed by a light 
treatment with lime to precipitate dissolved fatty acids and neutralize the 
liquor to the phenolphthalein endpoint (pH about 8.5). The alkaline liquor 
is then filtered and evaporated to a 90 per cent crude glycerine. However, 
if caustic soda is used, the Sweetwater will contain soluble sodium soaps 
which will require removal either by precipitation with lime followed by 
filtration, or the Sweetwater may be treated in the same manner as spent 
soap lye, that is with alum followed by neutralization with caustic. 

In sweetwaters from the processing of low-grade stocks, the organic acids 
are usually present in greater amounts and the following treatment is found 
more effective. The Sweetwater is first acidified with about 0.25 per cent of 
sulfuric acid to coagulate the fatty acids in suspension. They may then be 
removed more easily by settling. After skimming, the sweet water is treated 
with alum by the same general method as described for Twitched sweet¬ 
waters, that is by a small amount of alum, then hydrated lime and filtered. 
The filtrate is treated with soda ash, filtered and concentrated. 

It is current practice in several large installations where continuous auto¬ 
claves are used, to evaporate the Sweetwater directly from the autoclave 
without previous treatment. The Sweetwater is discharged at approximately 
490°F from the autoclave into a flash tank, provided with a 50-pound relief 
valve, where it flashes to a concentration of 35 per cent or more glycerol. 
The vapors from the flask tank, at about 45 pounds pressure, go to heat the 
first calandria of a triple-effect evaporator through which the glycerol 
liquors pass. The liquors are concentrated and discharged as crude from 
the final effect which operates under a 28-inch vacuum, the crude running 
as high as 85 per cent glycerol. The crude is then sent to a series of settling 
tanks where it is cooled gradually and settled for a period of about 48 hours. 
The fatty matter, consisting largely of fatty acids, fat, and monoglycerides, 
is skimmed off with a swing suction pipe. The crude passes on to the still 
without further treatment. 
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Concentration of Glycerol Liquors 

The dilute glycerol liquors, after being purified as described in the fore¬ 
going pages, are concentrated to crude glycerine by evaporation. 1 his is 
usually carried out in conventional, natural circulation evaporators under 
reduced pressure and with low-pressure steam as the heating medium. The 
general theory of evaporation and design of equipment for it has been 
covered in a number of texts 1 - 10 • 14 • 19 and therefore it is necessary to dis¬ 
cuss those matters only as they apply to glycerol concentration. 

Glycerol liquors may be divided into two general classes: (1) spent lye 
which deposits salt crystals on concentration and therefore requires a 
salting-out type evaporator, and (2) swectwaters which deposit at the most 
only a small amount of sludge and for that reason do not require the salting- 
out feature of design. 

The standard vertical short tube evaporator is especially adapted for 
salting-out liquors and is the one most commonly used for spent l} r e. The 
body of the evaporator is in the form of a vertical cylindrical shell and is 
fitted with a cone bottom. The calandria in the lower part of the evaporator 
consists of a steam chest with tubes \]4 to 3 inches in diameter and about 4 
feet high. Longer tubes tend to salt-up more readily. Steam condenses on 
the outside of the tubes, giving up its heat and causing a natural circulation 
of the liquor upward through the tubes and then back through the down- 
take. The downtake is a vertical passage through the calandria and may be 
centrally or eccentrically located or, in the case of a basket-type calandria, 
consist of an annular space between the evaporator shell and calandria. 

At the bottom of the evaporator means is provided for disposing of salt 
which forms as the spent lye is concentrated. Generally this is done by 
allowing the salt to settle as a slurry from the cone into a salt box equipped 
with a discharge valve and separated from the bottom of the evaporator by 
another valve. The slurry which collects in the salt box is blown periodically 
as required with air and steam to salt handling equipment for separating 
the glycerol liquor from the salt. In an older type of salt box, the salt is 
filtered on an internal screen, washed, steam dried, and finally scraped out 
manually through a door in the side of the salt box. 

For the removal of condensate from the steam chest of the calandria, 
a manually regulated discharge valve, together with a water column indicat¬ 
ing the presence of condensate in the bottom of the calandria, affords ade¬ 
quate control over the discharge of condensate. When the steam chest is 
under vacuum, as in the second effect of a double effect evaporator, a pump 
is necessary for the discharge of condensate. Automatic discharge of the 
condensate can be accomplished with a closed tank located below the 
calandria and equipped with a high-low liquid level device for automatically 
starting and stopping a discharge pump piped into the bottom of the con¬ 
densate collecting tank. Noncondensable gases which may accumulate in 
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the steam chest and retard proper heat transfer are discharged through 
small vent valves. If the steam chest is under vacuum as in the second effect 
of a double effect evaporator, these gases are vented directly into the 
vapor space of the evaporator which is under vacuum. 

Standard materials of construction for spent lye evaporators are cast 
iron for the body and copper tubes and tube sheets for the calandria. The 
cast iron may contain a small percentage of nickel to increase its resistance 
to corrosion. There are some installations where nickel or nickel-bearing 
high alloys, though most costly, are used throughout to avoid iron rust 
contamination of the salt recovered for reuse in the soap kettles. 

Standard vertical tube evaporators, which differ from spent lye evapora¬ 
tors in that they have dished bottoms and no salt removal equipment, 
are also widely used for concentrating sweetwaters. Mild steel is a suitable 
material of construction for the Sweetwater evaporator as long as the 
solution is slightly alkaline. However, sweetwaters from continuous hy- 
drolyzers, which in some cases are given no preliminary treatment, contain 
fatty acids and therefore require evaporators constructed of corrosion- 
resistant alloys. 

Other types of evaporators than the standard vertical tube are used to 
some extent in concentrating glycerol liquors. One of these has an external, 
vertical long-tubed heating element. The liquor circulates by natural con¬ 
vection from the bottom of the evaporator, up through the tubes of the 
external heat exchanger and back into the body of the evaporator where 
the vapor is released and the concentrated liquor falls back into the bottom 
of the evaporator. This type is especially suited for sweetwaters and has the 
distinct advantage over the standard vertical short tube in that the tubes 
in the external heat exchanger are more readily accessible for mechanical 
removal of hard scale. 

Another type of evaporator, frequently used a number of years ago but 
to a lesser extent now, is the horizontal tube in which the heating element 
consists of a bank of horizontal tubes submerged in the liquor in the bottom 
of the evaporator. Steam passes and condenses inside the tubes, giving up 
its heat to the surrounding liquor. This type of evaporator is unsatisfactory 
because of the relative inaccessibility of the outside surfaces of the tubes 
for mechanical removal of hard scale, the formation of which drastically 
interferes with efficient heat transfer and slows down the rate of evapo¬ 
ration. 

Serious losses can take place by the entrainment of glycerol liquor in 
the vapor passing out of the evaporator. These losses can be minimized 
by a sufficiently large and high vapor space, by adequate baffles in the 
vapor space over the calandria and finally by an effective entrainment 
separator. The latter generally consists of a vertical cylindrical chamber 
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through which the vapor enters tangentially allowing the heavier entrained 
droplets to disengage themselves by centrifugal force. In the design known 
as the Flick separator, the vapors enter tangentially near the top and 
spiral downward, then turn and pass up through the vapor pipe in the 
center of the separator. The droplets of liquor collect in the bottom of the 
separator and drain back into the evaporator while the vapor passes on. 
It is best practice to make the bottom of the separator sufficiently large 
to hold the entire evaporator charge in order to catch a sudden surge of 
foamy liquor out of the evaporator. This often occurs when there is a loss 
of vacuum caused by a temporary shut-off of steam or condensing water 
supply followed by a sudden rise in vacuum when the service is resumed. 

Any glycerol liquor which is carried by the vapor past the separator is 
lost in the condensed vapor discharged to the sewer. Even in well designed 
and operated plants the loss may run as much as one-half to one per cent 
of the total glycerol processed and in less efficient plants those losses are 
exceeded. 

Constant removal of vapors and noncondensable gases is necessary to 
maintain steady boiling in the evaporator. This is accomplished in a direct 
contact barometric-type condenser in which the vapors entering near the 
bottom are condensed by a countercurrent descending flow of water and 
discharged through a drain leg. Air and other noncondensable gases which 
enter the system with the liquor and condensing water, and through leaks, 
are pulled off the top of the condenser and discharged to atmosphere by 
means of an air pump. The air pump may be of the steam-ejector type or a 
mechanical wet reciprocal or rotary pump. The steam-ejector type is 
preferable because it requires little attention or maintenance compared 
with the mechanical pump. It is necessary that the barometric condenser 
be elevated a minimum of 34 feet above the overflow hotwell, into which 
the drain leg discharges, in order to overcome atmospheric pressure. A 
lesser height would require that a pump be used to discharge the mixed 
condensing water and condensate from the condenser. The vacuum in the 
system is controlled by the temperature in the drain leg and usually cor¬ 
responds to the vapor pressure produced by water 5 to 10°F higher in 
temperature. For example, if the drain leg temperature is 115°F a vacuum 
of 26-inch mercury, corresponding to the vapor pressure of water at 125°F 
(assuming a 10° temperature difference), will be maintained in the system. 
The vacuum is controlled by regulating the amount of condensing water 
to the barometric condenser and the drain leg temperature. 

In the larger plants it is customary to concentrate glycerol liquor in 
double-effect evaporators because of the savings in steam and condensing 
water. Generally it can be shown that the savings justify the additional 
installation of the second effect. When two evaporators are operated as a 
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double effect, the total rate of through put is almost the same as for the 
single effect but the quantity of steam and condensing water required is 
reduced by almost half. This is explained by the fact that the vapors given 
off by the first effect are used as the heating medium in the stream chest of 
the second effect. The vapors off the second effect, being only half the 
amount as in single-effect operation, require only half the quantity of 
condensing water. 

In most cases it is doubtful if a triple-effect evaporator installation for 
concentrating glycerol liquors can be economically justified by the extra 
savings in steam. The additional saving beyond that of double-effect opera¬ 
tion is somewhat less than one-sixth of the original quantity of steam 
required for single-effect operation. However, the economic feasibility of 
double- and triple-effect installations can be solved by an engineering study 
and its solution depends to a great extent on the individual circumstances. 
An excellent method for evaluating the optimum number of evaporator 
effects is shown by Tyler 1 *. 

In addition to economy, a double-effect evaporator has an added ad¬ 
vantage in flexibility. The vapor piping and auxiliary equipment may be 
so arranged that the double effect can be operated as two single-effect 
evaporators. Then, in times of peak production, double the quantity of 
glycerol liquor can be handled, in this case there being no savings in steam 
over that required in a single effect. 

In normal operation, glycerol liquors are concentrated in two steps. 
In the first step they are brought to a “half crude” state and discharged 
from the evaporator to a holding tank. The half crude contains about 40 
per cent glycerol and is accumulated until sufficient to return to the evap¬ 
orator and finish to crude. It is not desirable to attempt to go from weak 
glycerol liquor to crude in one step, since the evaporation rate is greatly 
retarded in the later stages as the liquor becomes more concentrated. A 
better over-all rate of production is possible with two-step concentration. 
In double-effect operation, the two evaporators may be operated as in¬ 
dividual single effects for concentrating the half crude to finished crude. 
However, for more economic utilization of equipment, it is preferable to 
provide a smaller single finishing evaporator and operate the double effect 
continuously. 

Two-step concentration of the glycerol liquors also facilitates the sub¬ 
sequent processing of the salt that is crystallized. The major portion of the 
salt is dropped out in going to the half crude state while at the same time 
the crystals are larger and more easily washed and drained by virtue of 
having been crystallized from a solution containing less organic matter. 

It is important from the standpoint of operation that feed to the evap¬ 
orators be kept uniform and that a constant liquid level be maintained in 
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the evaporator. Manually operated values for controlling liquid level are 
reasonably satisfactory. For light spent lye or sweetwater liquors, an 
automatic feed valve operated from a liquid level float cage provides good 
control. This device is unsatisfactory, however, for heavy spent lye liquor 
which is saturated with salt such as the feed from the first effect to the 
second effect or the half crude feed to the finishing evaporator. Good opera¬ 
tion of the evaporator requires a uniform rate of flow of steam and of 
water to the barometric condenser. 

Figure 4-2 shows a typical complete spent lye evaporation plant with 
double-effect evaporators, a single-effect finishing evaporator, and salt¬ 
handling equipment. 

Evaporator Operation. In starting a plant of this type in operation, air 
is first evacuated from the double-effect evaporator and treated spent lye 
is charged into both effects. Steam is turned on the first effect and water 
on the condenser. When the lye in the first effect begins to boil, its vapor 
passes on to the calandria of the second effect causing the lye in the second 
effect to boil. Feed to the first effect and from the first to the second effect 
is controlled to maintain correct liquid level and water is regulated to the 
barometric condenser so as to keep the barometric drain leg temperature 
at about 115°F. Under these conditions a state of equilibrium will come 
about in which the second effect operates under a vacuum of about 26- 
inch Hg and the first effect 10 to 12 inches lower. As the salt boxes fill up, 
the salt slurry is discharged to the salt-handling plant where the adhering 
liquor is separated and returned to process. As the liquor in the second 
effect reaches a concentration of half crude or about 40 per cent glycerol, 
it is transferred at a constant rate to the half crude storage tank. The rate 
of discharge of half crude is dependent on the rate of evaporation and is 
regulated to maintain a temperature in the liquor in the evaporator of 
about 145 to 150°F at a 26 to 27-inch vacuum. After enough half crude is 
accumulated for making a finish, the crude finishing evaporator is started. 
Air is evacuated from the system and the evaporator is charged with half 
crude liquor. Steam is turned on the calandria and condensing water is 
regulated to the barometric condenser. Salt slurry is removed as required. 
Half crude is fed into the evaporator until a concentration of 82 to 84 per 
cent glycerol in the boiling liquor is reached, which corresponds to a liquor 
temperature of about 180 to 190°F at a vacuum of 26 to 27-inch Hg. It 
is desirable to establish this temperature-vacuum relation with glycerol 
concentration by correlation of laboratory analyses with the temperature- 
vacuum observations. Different installations may vary somewhat in this 
relation due to the effect of varying hydrostatic head on the boiling point 
rise in the glycerol liquor. 

When the required concentration is reached, the vacuum is broken on 
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the system and the finished crude glycerine is drained into a settling tank 
and is held there for a few hours to settle out the salt. The clear liquor Is 
decanted and transferred to storage or to the glycerine refining plant. The 
layer of salt and glycerine is dissolved in treated lye or water and returned 
to the evaporator feed tank. As previously mentioned, finishing to crude 
can be accomplished in one or both of the two effects of a double-effect 
evaporator if there is no separate finishing evaporator. 

In single-effect evaporation of spent lye the procedure is much the same 
as in double-effect operation. The system is evacuated of air, the evaporator 
charged and fed with treated lye, and boiled until the half crude stage is 
reached. Salt is removed during boiling as previously described. When 
two or more half crude batches are accumulated in the half crude tank, 
these are brought into the evaporator and finished to 82 to 84 per cent 
crude glycerine in the manner just described for finishing in double-effect 
evaporation. 

Concentration of sweetwaters is carried out with the same equipment 
and method of operation as described for spent lye evaporation, with the 
exception that no provision is made for salt handling. The small amount 
of sludge which forms during concentration as a result of a lime treatment 
of the Sweetwater is removed by filtering the finished 88 per cent saponifi¬ 
cation crude glycerine while hot. A small amount of diatomaceous earth 
is sometimes used as a filtering aid. Otherwise the sludge may be allowed 
to settle out, the clear finished crude decanted, and the layer of sludge 
returned to sweetwater treatment to conserve the glycerol in it. 

Autoclave sweetwaters which do not receive treatment are concentrated 
in double- and sometimes triple-effect evaporators constructed of a cor¬ 
rosion-resistant metal to an 88 per cent saponification crude glycerine 
The finished crude is transferred to a settling tank where after a few days 
settling a layer of fatty acid esters consisting mainly of monoglycerides 
rises to the top. The clear crude glycerine below that layer is removed and 
the mixed layer of fatty acid esters and glycerine is returned and recycled 
through the hydrolyzer. 

I he term ‘ 88 per cent saponification crude glycerine” is a commercial 
designation and refers to the minimum glycerol requirement. Customarily 
saponification crude is concentrated to about 89 to 91 per cent glycerol. 

Salt Handling. If the salt which forms during concentration of spent lye 
is not continually removed, the tubes in the calandria tend to salt up and 
may even become plugged. Under these conditions the rate of evaporation 
slows down to a point where it is necessary to interrupt the operation and 
boil out the evaporator with treated spent lye or water to dissolve the salt. 
In order to remove the salt and avoid this difficulty, salt boxes attached 
to the bottom of the evaporators are generally used. 
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In the typical spent soap lye evaporation plant shown in Figure 4-2, 
each evaporator is equipped with a salt box in which the salt, as it crystal¬ 
lizes and settles, accumulates as a slurry in glycerol liquor. When a salt 
box is nearly filled with salt slurry, as indicated by sight glasses on the side 
of the salt box, the valve between the evaporator body and the salt box 
is closed and the contents are blown by air pressure to a salt slurry tank. 
This transfer can thus be made without interfering with the operation of 
the evaporator. In the tank the slurry is kept well agitated or under con¬ 
stant circulation by means of a pump to prevent the salt from settling into 
a compact mass which cannot be pumped. A portion of the circulating 
slurry is diverted to the centrifugal salt separator. The effluent from the 
centrifuge, consisting of glycerol liquor and wash water, is collected as 
half crude and sent to the evaporator for finishing to crude glycerine. The 
dry salt is available for reuse in the soap kettles. The centrifuges employed 
in making this separation are of three basic types: (1) the continuous, (2) 
the fully automatic batch, and (3) the older basket-type batch machine. 
Other methods of separation are still used, particularly in smaller plants. 

Of the continuous centrifuges, the screen type is most commonly used. 
The unit made by the Bird Machine Company consists essentially of a 
cylindrical filter drum or “screen” within which is mounted the conveying 
drum. Both members rotate on a horizontal axis in the same direction, 
the conveyor at a somewhat slower speed than the filter. The salt-glycerine 
slurry enters at one end, between the two drums, and is spun against the 
screen. The filtrate passes through and the salt is retained. The plows 
mounted on the conveyor drum move the cake slowly along the filter screen 
to the discharge end from which it is delivered continuously. Substantially 
all of the liquor is drained from the salt in passing over the first third of the 
screen. Spray nozzles mounted on, and rotating with the conveyor drum, 
apply the wash water. The salt recovered in this manner, assuming good 
operating conditions, contains about 0.25 per cent glycerol, there being 
required about .4 pounds of wash water to one pound of salt to accomplish 
this result. Under less favorable conditions the glycerol content may be 
0.5 per cent and sometimes higher. 

Of quite recent design is the Bird Machine Company’s continuous centri¬ 
fuge employing a solid bowl. This is illustrated in Figure 4-3. 

In this design, which affords certain advantages in operation and main¬ 
tenance, the slurry is delivered through the conveyor hub to the horizontal 
revolving bowl which is shaped like a truncated cone. A screw conveyor 
rotates inside the bowl at slightly slower speed in the same direction of 
rotation. The solid layer of salt is steadily moved forward to the smaller 
end of the bowl by the conveyor as fast as deposited, being carried above 
the level of the filtrate for an interval before leaving the bowl to permit 
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Figure 4-3. Bird continuous solid bowl centrifuge. {Courtesy of the Bird Machine Co.) 


full speed about a horizontal axis. The slurry is admitted through a dia¬ 
phragm-operated feed valve, a leveler, or rake, riding on the surface of the 
crystals to maintain balance and control the thickness of cake. The mother 
liquor is freed from the crystals and escapes through perforations in the 
basket. After the crystal layer has been formed, the feed is automatically 
cut off and the rinse liquor spread over the crystal bed. This is followed 
by drying for a predetermined period and then by unloading the salt by a 
knife which automatically rises and cuts the crystal layer from the basket, 
the salt being discharged from a chute. The residual crystal layer forms a 
filter bed for the next load and assists in the separation of the very fine 
crystals from the liquor. A screen rinse of steam and then of hot water is 
applied, the double rinse being necessitated by the presence of sodium 
sultate in amounts of 5 to 10 per cent. A unique feature of this machine is 
that it may be equipped with a diversion valve in the effluent line which 
permits the more dilute wash liquors to be segregated from concentrated 
mother liquor so that the former can l>e cycled back to the first evaporator 
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effect. The unit, operations of charging the basket with salt, washing the 
cake with water spinning it dry and unloading the salt into a suitable 
conveyor are performed automatically under the time cycle control of the 
appropriate diaphragm valves. 



Fiourk 1-4. Sharpies automatic centrifuge, (i Courtesy of The Sharpies Corporation.) 


A normal operating cycle for the smaller of the two sizes of Super-D- 
Ilydrators available would be: 


Screen rinses 
Cuke rinses 
Load 
Spin 
Unload 


10 seconds with steam and water 
10 seconds with hot water 
15 seconds 
30 seconds 
6 seconds 


Total 71 seconds for a charge of 50 pounds of salt. 

Two sizes of Super-D-Hydrators are available, the smaller having a 
capacity of 2,500 pounds per hour, and the larger a capacity of 4,000 pounds 
per hour of salt as discharged at 4 per cent residual moisture and 0.2 per 
cent residual glycerol when using between 0.3 and 0.4 pounds of rinse 
water per pound of salt. 

For quite a number of years the basket-type batch centrifugal has been 
in common use. This machine consists of a perforated cylindrical basket, 
lined with fine mesh wire screen rotating on a vertical axis. The slurry is 
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fed from the circulating pump and distributed in a layer on the inside wall 
of the rotating basket through a slotted pipe. The liquor is forced through 
the screen, splashes against the stationary outside casing and drops down 
into an annular shaped trough. The liquor and wash water drain into a 
tank to be worked back into the process. The salt collects on the wall of 
the basket and is given two or three short water washes. Then, with the 
basket rotating at a lower speed, the washed salt is scraped off the screen 
and discharged through a hole in the bottom of the basket by means of a 
mechanical unloader. If the salt is to be made up into brine, it can be washed 
down the hole at the bottom of the basket with a jet of water and into a 
tank or sump. The salt recovered from this type centrifuge in normal 
operation seldom contains less than 0.5 per cent glycerol and usually more, 
and it requires about one pound of wash water per pound of salt. The older 
type batch centrifugals are at a disadvantage compared with the continuous 
units because of the supervision required, less effective washing, greater 
power consumption and space requirements. 

A simple type of salt separator which is used to some extent particularly 
in smaller plants, is the nutsche gravity-type filter. This usually consists 
of an oblong tank with a false, perforated bottom covered with wire screen 
and cloth. The salt slurry is discharged from the evaporators into the 
filter tank. The liquor drains through the salt supported on the filter bed 
and into the bottom of the tank. The separated liquor is pumped off the 
bottom of the tank with a reciprocating pump which at the same time 
creates a slight vacuum in the space below the filter bed thus effecting 
better drainage. 'I he bed of salt is washed first with a spray of lye and then 
with water. 1 he separated liquor and washings are returned to the evapora¬ 
tion plant and the dry salt is shoveled out to be stored for further use in 
the soap kettles. 

Many plants still use the salt boxes connected directly to the bottom of 
the evaporator which are povided with built-in filter screens, as previously 
noted. The salt is collected on the screen, washed, steam dried, and re¬ 
moved manually from the box. The nutsche-type filter and salt box filter 
are simple and relatively inexpensive equipment compared with centrifugal 
separators. However, they require considerable manual labor for operation 
and the glycerol remaining in the salt is usually appreciably higher than is 
the case with the centrifugal separators. The glycerol content of the salt 
from the gravity-type filters, and likewise from the salt boxes fitted with 
internal screens, may be reduced in good operation to 1 per cent or some¬ 
what lower, although in poorly controlled operation it will be 2 per cent 
or more, the residual glycerol depending largely upon the care and amount 
of water used in washing the salt. 

Not all the glycerol left in the salt is lost unless for some reason the salt 
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or the kettle wash using that salt is discarded. Probably about 65 to 75 
per cent is normally recovered in soap kettle washes and the balance lost 
m the neat soap. Therefore with the best salt handling equipment and good 
operation the net process loss of glycerol through salt handling may run 
as low as 0.2 to 0.4 per cent of the glycerol originally in the spent lye. With 
the older types of equipment, even with careful operation, the loss may run 
between 1 and 2 per cent. With poor operation the loss will run much higher. 

Glycerol Losses. With normally careful operation and efficient equip¬ 
ment, the total loss in the recovery from lye to crude glycerine will run 
about 2.5 to 3 per cent of the glycerol in the spent lye. Of the total, nearly 
one per cent is lost in the filter cakes in the lye treating plant, about one 
per cent is lost in the evaporation plant possibly as fine entrainment in 
the vapor, and about 0.3 per cent is lost in salt-handling operations. The 
balance of the total loss is unaccounted for items which are often due to 
unreported spills and leaks from tanks, pumps, and pipelines. In plants 
which are poorly equipped or badly operated the total loss of glycerol 
may run as high as 5 per cent or more from lye to crude. 

In the lye treating plant, proper handling and washing of the filter cakes 
will keep the loss of glycerol at a minimum. Losses from spills and leaks 
can be minimized by locating all glycerol equipment on a curbed, solid 
concrete floor which is pitched to allow drainage to a sump. When the sump 
is filled with spilled material and floor washings, its contents are pumped 
to the acid treatment tank in the lye treating plant for glycerol recovery. 

Vapor entrainment losses in the evaporator can be kept low by not 
boiling at excessive rates. If liquor splashes against the topmost sight 
glasses in the vapor chamber, this indicates too violent boiling and results 
in large losses by vapor entrainment. Steam to the calandria should be 
regulated to maintain a reasonable boiling rate. If steam to the calandria 
is reduced, the condensing water should be reduced to the extent required 
to maintain the vacuum at the desired level. 

A source of loss is sometimes encountered when, due to a sudden rise 
in vacuum, the contents of the evaporator flash and boil over, a good part 
of the charge going all the way to the hotwell and passing out to the sewer. 
This may happen in attempting to start boiling too quickly before air is 
sufficiently evacuated from the system. It also may happen during boiling 
when the water supply to the barometric condenser is accidentally cut off. 
If the valve regulating the water to the condenser is not shut off at once, 
and then brought into play slowly when water service is resumed, a sudden 
rise in vacuum due to rapid condensation of vapors will occur and the 
charge will flash out of the evaporator. 

For good accounting control in the glycerol recovery plant, all incoming 
and outgoing glycerol bearing material should be weighed, sampled, and 
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analyzed for glycerol. This control applies especially to the incoming spent 
lye, the filter cake which is discarded, the recovered salt which is returned 
to the soap kettles, and the crude glycerine produced. Standards for the 
maximum glycerol content of filter cake and salt consistent with equip¬ 
ment limitations should be set up. If abnormally high losses occur within 
the recovery plant, and these are not indicated by excessive losses in the 
filter cake or recovered salt, then the lye treating plant and the evaporation 
plant should be isolated from each other in an accounting sense by weighing 
and analyzing the treated spent lye transferred to the evaporator feed 
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Figure 4-5. Calculated performance of compression distillation process. 

tank from the lye treating plant. By narrowing down the field of investiga¬ 
tion, the source of loss may be found and proper measures taken to correct it. 

Vapor Compression for Evaporation of Lyes. During World War II the 
Kleinschmidt compression-distillation equipment* was widely used to pro¬ 
vide distilled water from sea water and its outstanding success has led to 
other applications in the field of distillation and evaporation. Because of its 
unusual heat economy and ease of operation, the question is frequently 
raised as to what can be accomplished by vapor compression as applied 
to the evaporation of soap lyes. 

In answer to this question, Allen Lathan, Jr. 7 , states that in theory it 
should be possible to use vapor compression for this purpose and thereby 
show a considerable reduction in the energy required for operation of the 
plant. However, the theoretical saving in energy for evaporation of soap 
lyes by this method, as compared, for example, to the double-effect evap¬ 
orator in boiling down to half crude, is nowhere near as great as the cor- 
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responding.saving when distilling a feed like sea water. The basic reason 
for this difference is the relatively large boiling-point rise of the concen- 
trated soap lyes. In the evaporation of soap lyes to half crude, the boiling- 
point rise is about 25 F, whereas the corresponding figure for a sea water 
still is about 1 F. This means that the steam compressor would have to 
operate against a condenser-evaporator temperature differential of at least 
35 F, as compared with about 11°F for a sea water still. Furthermore when 
evaporating soap lyes, heat transfer surfaces tend to become fouled with 
salts, and as a consequence, there may be a considerably greater tempera- 
ture differential. The theoretical significance of this aspect of the problem 
is shown by Figure 4-5. 


Another disadvantage is the need for using substantially more heat ex¬ 
change surface in the condenser-evaporator. If the present ratio of transfer 
surface to output were to be applied in the design of compression evapora¬ 
tors, the temperature differential would be substantially greater than in¬ 
dicated. From an economic standpoint there is little chance of justifying 
such an installation. A most serious obstacle is the absence of a compressor 
suitable for operation under these conditions and the prohibitive cost of 
building one. 


Refining of Glycerol 

Glycerol is extensively used in the preparation of many products for 
food, medicinal, and cosmetic purposes where the highest degree of purity 
is essential. For certain technical uses, more particularly in the manu¬ 
facture of resins and explosives, freedom from impurities is likewise given 
first consideration. The refining of glycerol to meet the rigid specifications 
with regard to purity is usually accomplished by distilling the crude to 
separate the glycerol from the nonvolatile impurities and by fractionally 
condensing the vapors whereby glycerol of the requisite purity may be 
obtained. A new process, recently introduced, accomplishes the necessary 
purification by ion-exchange. The extent to which the refining or purifi¬ 
cation is carried out is largely determined by the use for which the finished 
product is intended and the specifications under which it is marketed. 

The specifications for grades of refined glycerine most generally accepted 
in this country are United States Pharmacopeia (U.S.P.), Chemically 
Pure (C.P.), High-gravity, Dynamite, and Yellow-distilled. In general, the 
specifications define the per cent of glycerol which must be present in the 
commercial product and limit the quantities of mineral matter, organic 
impurities and color that may be associated with the glycerol. These specifi¬ 
cations are covered in detail in a later part of this monograph but are out¬ 
lined here because numerous references are made to them in connection 
with refining processes. 
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Probably the most widely quoted in this country is the specification for 
U.S.P. glycerine. The U.S.P. and C.P. grades are substantially the same. 
The U. S. Pharmacopoeia provides, among other requirements that the 
product shall contain not less than 95 per cent of CjH§(OH) 3 and shall 
have a specific gravity not less than 1.249 measured at 25°C (95 per cent 
is 1.24910 at 25/25°C or 1.25245 at 15.5/15.5°C). Tests are defined and 
limitations set on nonvolatile residue, ash, carbonizable substances, neu¬ 
trality, chlorides, arsenic, heavy metals, acrolein, glucose and ammonium 
compounds, fatty acids and esters, and color and odor. 

The United States Federal Standard Stock Catalogue O-G-491 gives 
detailed requirements of high-gravity glycerine (dynamite glycerine). The 
specific gravity shall be not less than 1.2620 at 15.5/15 5°C. This cor¬ 
responds to 98.7 per cent glycerol. The color shall be not greater than 80 
Yellow 20 Red on a 5^-inch Lovibond scale. Also delimited are appear¬ 
ance, odor, acidity or alkalinity, ash, chlorides. 

The same catalogue gives the following detailed requirements for yellow- 
distilled glycerine. The specific gravity shall be not less than 1.2550 at 
15.5/15.5°C. This corresponds to 96 per cent glycerol. The color in a 534- 
inch depth shall be not greater than 80 Yellow 20 Red on the Lovibond 
scale. Also delimited are appearance, odor, acidity or alkalinity, ash and 
chlorides. 

While processing methods are set up primarily to cover the grades de¬ 
fined in the foregoing specifications, modifications of the requirements are 
frequently made to fulfill specific needs. In some cases, particularly where 
food products, pharmaceutical and cosmetic preparations are concerned, 
more stress is laid upon odor and color and the manufacturers make extra 
quality grades to meet this demand. 

The method of processing to be adopted to meet any specification de¬ 
pends upon the grade of crude glycerine being treated. In the description 
of the recovery of glycerol from soap lyes and hydrolysis sweetwaters, was 
included a discussion of the nature of the impurities present and means of 
treatment of the liquors to remove them as far as practical. While a great 
deal may be accomplished along this line, and it is very necessary that the 
liquors be properly treated if best results are to be obtained in refining, 
many impurities are concentrated in the crude glycerine regardless of the 
treatment, and must be removed in the course of refining. In the case of 
good operation on spent lye, the composition of the crude will range from 
82 to 84 per cent glycerol, with about 7 per cent water and other volatile 
non-glycerol substances. There is usually present about 7 per cent NaCl, 
1 or 2 per cent of Na2S0 4 , and l to 1.5 per cent of organic material, largely 
in the form of soaps. The saponification crudes from the sweetwaters of 
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the hydrolysis processes are usually of considerably better quality than 
soap lye crudes and have little or no salt present but much the same prob¬ 
lems are encountered in refining. From the standpoint of separating a pure 
glycerol, the nonvolatile materials usually give little difficulty They do 
however, affect yields, and the handling of the still residues to best ad¬ 
vantage is always a problem. The volatile constituents of the crudes give 
the most concern, to both the designer of equipment and to the processor 
ater is present in considerable amount but may readily be fractionated 
to the extent necessary to meet specifications, the principal difficulty being 
lo avoid losses of glycerol. In some cases glycols are also present and these 
too may be separated by fractionation. Other volatile impurities, including 
acids, esters, aldehydes, nitrogenous matter and color substances are pres¬ 
ent in smaller amounts. While some of these are present in a very small 
proportion, only a few parts per million, they must be removed to the point 
where scarcely a trace remains. This is especially true of the odorous sub¬ 
stances and color bodies. For the most part this is accomplished by dis¬ 
tillation and fractional condensation but in some instances the properties 
of the contaminants are so near those of glycerol that they cannot be readily 
separated. In order to obtain the minimum color and odor a final treatment 
in the nature of a bleach is usually required to remove the last of the color 
and odor substances. 

The extent to which it is possible for any individual plant to remove the 
impurities depends upon the equipment available. While the distillation 
equipment is all built to operate upon the same general principles of va¬ 
porization and fractional condensation, many improvements in design have 
been applied in recent years paralleling the increased demand for the 
higher quality grades of glycerine. A brief review of the principles involved 
will be given prior to describing the equipment. 

Distillation. The vapor pressure of anhydrous glycerol is 760 mm at290°C 
(554°F). Since glycerol both polymerizes and decomposes to some extent 
at 400°F, and increasingly so at higher temperatures, it is not practical to 
distill it under atmospheric pressure. In order to vaporize the glycerol at 
temperatures under 400°F it Is necessary to maintain a greatly reduced 
pressure in the still or to distill with steam. A combination of vacuum and 
steam is ordinarily used as a matter of economy and for other reasons. 

To distill glycerol (as any other substance) it must be heated to a tem¬ 
perature where its vapor pressure is greater than the partial pressure of 
the glycerol vapors in the still. In the absence of water vapors, the partial 
pressure of the glycerol vapors is for practical purposes equal to the total 
pressure on the system. 

Figure 4-6 shows the vapor pressure curve for glycerol and for water at 
pressures of most interest in the distillation of glycerol. From these curves 
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the boiling points of the pure substances may be found in terms of tem¬ 
perature and pressure. 

It may be seen that the vapor pressure of glycerol at 400°F (204°C) 
is 45 mm. Hence, by reducing the pressure in the still to 45 mm the gly- 



Figure 4-6. Vapor pressure of glycerol and of water. 


cerol will vaporize at this temperature. Or, as another example, by reducing 
the pressure to 10 mm it will vaporize at 338°F (170°C). 

By distilling with steam, the effect is to reduce the partial pressure of 
the glycerol vapors in the still, assuming the same total pressure is main¬ 
tained on the still. Consequently, the glycerol vaporizes at a lower tem¬ 
perature. For instance, assume that the pressure on the still is maintained 
at 45 mm and sufficient steam is injected so that the partial pressure of the 
glycerol vapors is 15 mm, that of the steam being 30 mm. The glycerol 
will then vaporize at a temperature corresponding to 15 mm, or 175°C 
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f 347 the USe of steara havin 8 reduced the temperature of vaporization 
from 400 to 347 F, the vacuum on the still remaining the same. The amount 
of steam required to produce this effect may be approximated from the 
following equation: 


Wt. of Glycerol Vapor 
Wt. of Water Vapor 


_ Partial Pressure of Glycerol Vapor Mol. Wt. of Glycerol 
Partial Pressure of Water Vapor X Mol. Wt. of Water 

Using the values 15 mm for the partial pressure of glycerol vapor and 30 
mm for that of water, then 1 pound of steam is required to distill 2 56 
pounds of glycerol at 347°F under 45-mm pressure, assuming that the 
steam becomes fully saturated with glycerol vapor. It should be mentioned 
that this equation does not apply strictly to liquids which are mutually 
soluble like glycerol and water. However, it may be employed since the 
solubility of water in glycerol under these conditions of temperature and 
pressure is very small. From what has been said in the foregoing paragraphs 
it is apparent that, at a constant pressure, the lower the temperature the 
more steam required and at a constant temperature, the lower the pres- 
sure the less steam required. 

In actual practice much more steam is required than indicated by the 
equation because conditions are such that the steam does not become 
fully saturated with glycerol. Then also, crude glycerol containing several 
per cent of salt and organic matter is more difficult to distill because of its 
viscosity and higher boiling point. The injection of steam is usually desir¬ 
able to a certain extent in order to agitate the contents of the still. The 
crude always contains several per cent of water which vaporizes and it is 
possible to distill without injected stream at 12-mm pressure and 365°F 
(185°C) but it is preferable to use a small amount of steam and reduce the 
temperature. A reduction in pressure below 10 to 12 mm in the still calls 
for more expensive vacuum equipment and there appears to be little 
gained in practice from its use. On the other hand, a minimum of steam 
should be used, because more steam requires a larger vapor and vacuum 
system and produces more Sweetwater to be evaporated. 

After the vapors leave the still, they must be condensed, and since they 
contain considerable water and volatile impurities, in addition to glycerol, 
it is necessary to fractionate the vapors to recover pure glycerol. It is 
comparatively easy to separate the glycerol from the water and other 
more volatile constituents of the vapor by reason of the wide spread in 
their relative vapor pressures. This is usually accomplished by passing 
the vapors from the still through a series of condensers, each of which 
operates at a controlled temperature, the one nearest the still being hottest 
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and the others progressively -cooler. As the vapors pass through each con¬ 
denser, a partial condensation takes place, the condensate in each instance 
being richer in glycerol than the vapors passing on to the next condenser. 
Since the vapor pressure of glycerol is much higher than that of water, 
relatively pure glycerol is condensed at the higher temperatures, most of 
the water vapor passing on with a small amount of glycerol to the cold 
condensers where a dilute solution of glycerol in water is condensed. The 
purification to a great degree, particularly from those small amounts of 
volatile substances having boiling points close to that of glycerol may be 
carried out by the redistillation of certain fractions or by the use of frac¬ 
tionating columns. These points are covered in the discussion on distillation 
equipment and operating procedure. 

Data concerning the vapor composition for glycerol and water are given 
in Chapter 7. 

Distillation Equipment. It was early recognized that glycerol could be 
purified by distillation and consistent progress has been made in the im¬ 
provement of processing methods and equipment. For an account of the 
early art the reader is referred to Lawrie 8 and Martin’. 

Probably the most important milestones in the earlier progress in the 
refining of glycerol are indicated by the patents of the following inventors: 


G. F. Wilson 

Wilson and Payne 

F. J. O’Farrel 

Van Ruymbeke, U. S. 

Pat. 522,132 
Wm. Garrigue, U. S. 
Pat. 774,171 


(1854) Purities glycerol by distilling by direct heat 
but without blowing steam. 

(1855) l>i8tills by direct heat and with blowing steam. 

(1881) Distills under vacuum. 

(1894) Distills using closed steam coils in place of 
direct heat. 

(1904) Recycles water vapors in closed system and 
uses controlled temperature condensers. 


Since the preceding patents, many others have been issued embodying 
improvements on the prior art. Many large installations operating today, 
both here and abroad, are modifications of the systems originated by Van 
Ruymbeke or Garrigue. It is not necessary to describe the many variations 
and systems in use today as they have been discussed in detail by numerous 
authors over the past several years. However, before passing on to the 
more recent designs, it is desirable to outline the method of operation and 
the results obtained by means of the two systems previously mentioned 
as being very widely used here and abroad (1) the Van Ruymbeke type, 
sometimes known as the Jobbing, (2) the Garrigue system. 

Van Ruymbeke System. The distinguishing feature of the Van Ruymbeke 
system is the use of a number of air-cooled condensers for fractionating 
the distillate prior to its reaching the water-cooled sweetwater condensers. 
This system has been widely used for many years, and numerous modifi- 
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cations have been made in the equipment, but the general set-up in the 
more recent plants continues to follow the original principle. A typical 
unit operating in England is described by Webb 20 . In this instance the 
still is heated with a closed coil with 225 psi steam and superheated blowing 
steam is introduced through a distributor near the bottom. Distillation is 
begun with 3 tons of crude in the still heated to about 390 to 397°F. Ad¬ 
ditional crude is fed as the distillation proceeds until the entire charge of 
10 tons is worked up. The vapors from the still first pass through a catchall 
and then through a series of 12 air-cooled condensers which are arranged in 
3 sets of 4 condensers each, and finally through the water-cooled condensers. 
In starting the cycle of operations when the system is cold, the condensate 
is at first low in glycerol and dark in color. Hence it is necessary to return 
it to the still for a considerable period of time, 3.5 hours being required for 
the first set to come to temperature, 4.3 hours for the second set, and 9 
hours for the third set. The actual time required to distill the full charge 
is about 15}£ hours from the time the first set begins to function. When all 
of the air-cooled condensers have reached operating temperatures, sub¬ 
stantially all of the glycerol is condensed in them, the water vapor and 
impurities passing on to the water-cooled condensers and being collected 
as sweetwater. During the distillation period, the condensers operate at 
the temperatures shown below, in the order in which the vapors pass. 


Temperature of Air Condensers (°F) 


No. 1 

387.5 

No. 5 

No. 2 

382.5 

No. 6 

No. 3 

375.0 

No. 7 

No. 4 

365.0 

No. 8 


352.5 

No. 9 

252.0 

337.5 

No. 10 

223.5 

320.0 

No. 11 

193.5 

300.0 

No. 12 

161.0 


The distillate collected from the first set (Condensers No. 1, 2, 6 and 7) 
is 280 to 300°F and has a specific gravity at 15.5°C of 1.2625 to 1.2630; 
that from the second set (No. 3, 4, 5 and 8) is 260 to 280°F with a specific 
gravity of 1.2620 to 1.2625; and that from the third set (No. 9, 10, 11 and 
12) is 160 to L80°F with a specific gravity of 1.2540 to 1.2560. The rate at 
which the condensate is collected from each set of condensers during the 
period of distillation proper is 530 pounds per hour from the first set, 420 
pounds per hour from the second set, and 200 pounds per hour from the 
third set. The best quality of glycerine is collected from the first two sets, 
both being suitable for dynamite grade without further concentration. 
The product from the third set is lower in gravity and contains more organic 
matter, but constitutes a relatively small part of the total production. The 
final condensation is carried out in two water-cooled condensers, the quan¬ 
tity of sweetwater produced depending on the blowing steam used. In 
working on soap lye crude, one pound of steam per pound of glycerine is 
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used afc the beginning but this increases as more salt accumulates in the 
residue in the still, so that the average blowing steam over the whole 
charge is 1.2 to 1.5 pounds per pound of glycerol. In the case of saponifi¬ 
cation crude from hydrolysis processes, 1.0 to 1.2 pounds of steam per 
pound of glycerine is representative. In distilling 100 tons of crude, the 
first water-cooled condenser collects 40 tons of Sweetwater with a glycerol 
concentration of 6 per cent and the second condenser 81 tons with a con¬ 
centration of 2.67 per cent glycerol. At the end of the distillation cycle the 
residues, or foots, containing about 20 per cent glycerol are dropped from 
the still and reworked for glycerol. 

In another Van Ruymbeke plant operating in a very similar manner, 
there was produced from each 10-ton charge approximately 7.25 tons of 
dynamite glycerine, 10 tons of sweetwater containing 5 per cent glycerol 
and I ton of foots containing 25 per cent glycerol. The quantity of steam 
required in the entire plant to distill 100 tons of soap lye crude was 448.7 
tons, including that in the open coil which was 106.40 tons. 

While these results are representative of the performance of many in¬ 
stallations, a substantially better quality of distillate is produced by a 
somewhat different arrangement of the Van Ruymbeke system which has 
been widely used in this country for a number of years (Figure 4-7). 

This arrangement is similar in principle to the system described above 
but is designed to fractionate the main part of the distillate by partial 
condensation into two or three grades of product. It may be noted from 
Figure 4-7 that the vapors pass from the still to the catchall which is in 
the form of a horizontal cylinder. From each end of the catchall a vapor 
pipe leads through a series of 4 air-cooled condensers, that is, half of the 
vapors flow through one line of condensers and half through a duplicate 
line. After passing the air-cooled condensers, where most of the glycerol is 
condensed, the vapors go through a condenser cooled with hot water and 
then through two or three condensers cooled with cold water. These water- 
cooled condensers remove the last trace of glycerol which is drained to the 
sweetwater receiver. The condensate from the air-cooled condensers is 
drawn off to two receivers, receiver % 1 getting the product from the first 
pair of condensers, that is the pair nearest the still and consequently the 
hottest and #2, the product from the second, third and fourth pairs. 
Receiver #3 receives the condensate from the condenser* cooled by hot 
water and #4 acts as receiver for the sweetwater from the condensers 
cooled with cold water. 

Because of the temperature differentials and the rate of vapor flow, a 
considerable degree of fractionation takes place in the air-cooled con¬ 
densers in normal operation. About 90 per cent of the total glycerol is 
condensed in the air-cooled and in the hot-water cooled condensers, 5 per 
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cent goes to Sweetwater and 5 per cent to foots. Of the condensate other 
than Sweetwater, about 20 per rent goes to receiver # 1 and is suitable for 
an extra grade or “drug” C.P., about .55 per rent in receiver #2 is C P 
and 25 per cent in receiver #3 is suitable for 11.(1. No concentration is 
required in the case of the first two fractions to bring the product to specifi¬ 
cations but the third fraction must be concentrated for H.G. 

The operation of this equipment Ls in all essentials the same as the Van 
Ruymbeke previously described. The still operates at 28 to 28inches 
vacuum and uses between 1 and 2 pounds of steam per pound of glycerol 
distilled. The total amount of steam used by the system is between 4 and 
5 pounds per pound of glycerol. The sweetwater amounts to somewhat 
over 1 pound per pound of crude. The foots are removed from the still and 
reworked for glycerol. The sweetwater is treated and returned to theevap- 
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Fioure 4-7. American Van Ruymbeke system of glycerine distillation. 


orators for crude production. During the warm-up period on the still, 
the distillate is rejected and later returned to the still, after the system 
comes to temperature and the condensate from the air condensers tests 
free from NaCl. The average cycle is about 24 hours, of which about one- 
third is occupied by starting and by boiling down foots. When operating 
on a good grade of spent lye, the over-all yield is 96 to 97 per cent glycerol 
based on the crude fed, but not including the amount of glycerol which may 
be recovered from the foots. 

The Garrigue System. As previously noted, the Garrigue system originated 
in 1904, a distinguishing feature of the invention being the recycling of the 
water vapors from the evaporation of the sweetwater back through the 
still and the recovery of latent heat from the glycerol vapors. In effect, 
this constitutes a closed system and results in diminished losses and re¬ 
duced consumption of steam. This system introduced the use of controlled 
temperature condensers which have been generally adopted in more recent 
designs. Since the original concept, numerous modifications have been made 
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in the equipment and auxiliaries that have resulted in improved perform¬ 
ance. There are today a great many installations, both in this country and 
abroad, of this general type. Bodman* describes the essentials of design 
and the advantages of the Garrigue system. The following comments refer 
to the operation of somewhat more recent installations, such as illustrated 
in Figure 4-8. 

The operation is carried on in the following manner. The still is charged 
with about 10,000 pounds of crude and heated by closed coils with steam 
at 175 to 200 psi to the distillation temperature of about 350°F under 40- 
to 50-mm pressure. The water vapors generated in the evaporation from 
sweetwaters are used as blowing steam after passing through the “super- 



Fiourk 4-8. Garrigue system of glycerine distillation. 


heater” heat exchanger where the temperature of the water vapors is 
raised from about 130 up to 300°F by heat from the vapors from the still. 
The heated water vapors pass through a steam distributor coil near the 
bottom of the still, the amount being controlled by the steam supplied to 
the evaporator. The amount of blowing steam used depends upon the 
vacuum and temperature maintained, between 0.5 and 0.6 pounds of steam 
being required for the normal distillation of one pound of glycerol when 
running the still at 40 to 50 mm pressure and with vapor temperatures of 
330 to 340°I* from the still to the super-heater. The total blowing steam 
used is considerably more than this, there usually being required between 
1 and 2 pounds of blowing steam per pound of glycerol distilled when the 
boil dowfn and finishing of the foots are included. As the distillation pro¬ 
ceeds, more crude is fed into the still, the vapors passing on the outside of 
the tubes of the super-heater where some of the glycerol is condensed, then 
to the first cooler condenser, next to the second cooler condenser and finally 
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to the Sweetwater condenser. The temperatures of the two cooler condensers 
are regulated so that nearly all of the glycerol is condensed during the 
passage of the vapors through them. Any remaining glycerol is condensed 
with the water vapors in the Sweetwater condenser. The temperature of 
the vapors from the super-heater to the first condenser is 300 to 310°F; 
from the first condenser to the second condenser, 250 to 255°F; from the 
second condenser to the Sweetwater condenser, about 140°F; and from the 
sweetwater condenser about 85°F. 

The feed of crude is continued until the entire charge has been used. 
The size of the charge is determined by experience, that quantity being 
fed which will give an amount of foots which can be readily finished in the 
still. This normally averages between 25,000 and 30,000 pounds of crude 
to a charge. At the finish of a charge the feed of crude is discontinued and 
the residue is concentrated by boiling down as far as practical to a “foots” 
which is removed from the still after each charge. High pressure steam is 
injected through the open coil in finishing the foots. The entire operating 
cycle from batch to batch requires approximately 24 hours, including 
heating up and cleanout time but a considerable part of the cycle is con¬ 
sumed in the boil down and finishing of the foots. At the start of the dis¬ 
tillation period, for about two hours, the condensates from all three con¬ 
densers, that is the super-heater and the first and second coolers, are all 
collected for high gravity glycerine and this is likewise the case during the 
boil down period. Through the principal part of the distilling period, the 
condensates from the super-heater and first cooler are collected for C.P. 
glycerine, assuming that the system is operating on a good grade of soap 
lye crude. This fraction usually amounts to 65 to 70 per cent of the output 
and requires only bleaching to bring up to U.S.P. specifications. The bal¬ 
ance of the glycerol goes for high gravity aside from about 3 per cent which 
finds its way to the sweetwater. The amount of sweetwater condensed will 
average somewhat more in quantity than the weight of the crude fed and 
will analyze about 2 per cent glycerol or slightly more. The “concentrator” 
receivers are equipped with closed coils and connected to the vacuum sys¬ 
tem so that the condensates may be concentrated if necessary. This is not 
necessary on the C.P. fraction but is used on H.G. fraction. 

The over-all yield of glycerol from the still under these conditions ranges 
from 97 to 98.5 per cent depending mostly upon the loss in foots, which 
may vary from to 3 per cent according to how dry they are steamed 
before dropping or what treatment may be worthwhile for the recovery of 
the glycerol in the foots. The over-all steam consumption averages between 
4 and 4.5 pounds of steam per pound of glycerol including that used in 
operating the steam jet vacuum equipment, heating the still, blowing 
steam during distillation, that used in the boil down period, finishing foots, 
and in operating the plant auxiliaries. 
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The Itlner Still. The total recovery and the quality of the products are 
good in the Van Ruybeke and in the Garrigue systems, but it is evident 
that steam consumption can be reduced by the use of lower pressures during 
distillation. It is possible at the same time to avoid producing so much 
sweetwater. Significant improvements in the distillation of glycerol are 
discussed by Peterson 11 and a description is given of the Ittner 6 still. The 
features of this design include the generation of open steam for distillation 
within the system by recovery of latent heat from the glycerol vapors; 
controlled condensing temperatures; low absolute pressures in the system; 
countercurrent condensation of the final vapors; two-stage preheating of 
the crude by steam recovered from condensate. In operation the unit has 
proved to have high steam efficiency, to produce a large proportion of 
C.P. grade in one distillation, and to give a high concentration of glycerol 
in the distillates. The system is illustrated diagrammatically in Figure 4-9. 

From this it may be noted that the crude feed is preheated by exhaust 
steam from within the still system, first in the scale tank and then in the 
preheater. The feed goes to the still at 250°F. The distillation temperature 
is 330°F. The large heating surface of the closed coils (400 square feet) 
and the low pressure in the system (10 to 15 mm) make possible a rate of 
1,100 pounds of distillate per operating hour on soap lye crude and 1,300 
pounds per hour on saponification crude. The open steam is controlled by 
an orifice calculated to deliver 0.25 pound of steam per pound of glycerol 
distilled. The vapors from the still pass through a separator to the “boiler- 
condenser” designed to condense about 70 per cent of the glycerol vapors 
under constant controlled conditions. This boiler-condenser is supplied 
with water condensed from the closed steam coils in the still, the pressure 
in the boiler-condenser being maintained at 5 pounds, thus maintaining a 
constant condensing temperature of 228°F. The latent heat from the gly¬ 
cerol vapors generates steam in the boiler-condenser which is supplied 
to the open steam coil in the still. Some of the steam is also used to heat 
the concentrating tubes in the cooler-condenser and the third receiver. 
The condensate leaves the boiler-condenser at 250 to 260°F. About 70 per 
cent of the glycerol is condensed at this point and is 99.5 to 99.8 per cent 
concentration with a Lovibond color of 1.5 Yellow 0.5 Red in a 5J4 inch 
depth. This requires only bleaching to bring up to U.S.P. quality. 

The remaining vapors enter the cooler-condenser at the bottom which is 
arranged so that the cooling water flows downward countercurrently to 
the vapors. The water enters the top row of tubes at a controlled tem¬ 
perature of 90 to 100°F and leaves the bottom at 180 to 190°F. Below the 
water-cooled tubes in the cooler-condenser are a series of other tubes heated 
by the 5 pound steam generated in the boiler-condenser. These serve to 
concentrate the condensate from the upper tubes as it flows over the steam- 
heated tubes before entering the receiver. This fraction amounts to 30 per 
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Figure 4-9. Diagrammatic sketch showing Ittner glycerine still. 
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cent of the total and has a concentration of 99.0 to 99.2 per cent glycerol 
which may be used for high gravity or dynamite grades. From normal 
soap lye crudes the Lovibond color is about 4 Yellow 1.5 Red in a 534-inch 
depth. 

The vapors leave the top of the cooler-condenser at 150 to 160°F and 
pass through a vertical tube surface condenser where the remaining 1 to 
2 per cent of the total distillate, consisting of a mixture of glycerol and 
glycol, condenses and flows to the third receiver. This is fitted with a steam 
coil for concentraing the distillate to about 95 per cent. The residual water 
vapor leaves the surface-condenser at 110 to 120°F and passes to the vac¬ 
uum system, a barometric condenser and three stage steam ejectors being 
used. Technically, the condensate passing to the receiver may be called 
“sweetwater” though it is concentrated later. 

In operating as a batch process, the feed of crude is discontinued after 
20,000 pounds and the residue in the still boiled down to foots. The total 
steam consumption on soap lye crude is 2.25 pounds of steam per pound of 
distilled product made up as follows: 

Coil steam. q .85 

Steam to operate vacuum apparatus. 1.15 

Steam for washing out stills, etc. 0.25 


On saponification crude the figure is 1.9 pounds of steam per pound of 
distillate. 

As has been noted in the cases of the other systems described, the glycerol 
losses depend primarily on the method of handling the foots. In this in¬ 
stance, the residue was boiled down to a foots amounting to 4 to 5 per cent 
of the glycerol fed to the still. The foots was boiled up with water in the 
still and sent to foots treatment where the final result was a foots discard 
of 2 to 2.5 per cent glycerol. Allowing an “unknown” disappearance during 
distillation not to exceed 0.5 per cent, the over-all yield is 97 to 98 per cent 
of the glycerol fed in the crude. 

In describing the operation of the Ittner system, the point is made that 
it can readily be adapted to continuous operation by the installation of a 
salt receiver attached to the bottom of the still from which the slurry can 
be removed and the salt separated without interrupting the feeding of the 
crude and the distillation process. This is after the manner adopted by a 
number of others. 

Continuous Operation. During the period that the performance of dis¬ 
tillation equipment was being improved by reducing the pressure under 
which the operation is carried on, another significant improvement was 
introduced in the form of continuous operation of the still. While there are 
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at this time many installations following the older practice is using the 
batch method, a number of systems here and abroad are operating con¬ 
tinuously. As previously noted, crude glycerine usually contains about 10 
per cent nonvolatile, most of which is sodium chloride and sodium sulfate. 
It is the practice to continue feeding crude to the batch stills until the 
salts and other nonvolatiles have accumulated to as large a charge as can 
be finished to foots. The feed of crude is then cut off and the contents of 
the still boiled down, the residual foots removed, the still washed out and 
the cycle begun again. In a cycle of about 24 hours, the interruption in 
normal distillation occupies about one-third of the time. It is evident that 
the average production of the still can be increased if arrangements are 
made to remove the salt from the contents of the still, rather than boiling 
off the glycerol from the salt residue. 

When finished, the residues in the still are of tar-like consistency and 
do not flow readily. Some operators finish the foots to a 20 to 25 per cent 
glycerol content, where they are fairly liquid and more easily removed from 
the still, and treated for glycerol recovery. Others steam off as much glyc¬ 
erol as practical and discard the foots. It is difficult to reduce the glycerol 
content of the tarry mass to less than 15 per cent. The remainder consists 
of sodium chloride and sodium sulfate to the extent of about 00 per cent 
of the mass and there are 25 per cent of other residues including a con¬ 
siderable amount of organic matter. In this state, the foots amount to 12 
to 15 Der cent of the weight of the crude fed to the still and represent a 
substantial loss in glycerol. Since the foots are mostly salts, the volume 
of the foots can be greatly reduced by removing most of the salts before 
concentrating the foots or treating them for glycerol recovery. This is 
accomplished by withdrawing some liquor and salt as a slurry from an 
accumulating zone at the bottom of the still and separating the salt from 
the accompanying liquor. The salt is readily separated from the liquor by 
settling or by centrifuging. 

A publication of Wurster 21 describes a plant designed to operate in this 
manner. The general arrangement of the distillation equipment is very 
similar to the Garrigue except that it does not operate as a closed system. 
The still is provided with a cone bottom from which the salt settles, as 
the distillation proceeds, to a salt drum below. The drum is emptied as 
required by blowing the slurry to a receiving tank from which it is run to a 
centrifuge. The glycerol liquor from the centrifuge is boiled down to 
foots in a separate still. By removing the salt, the total amount of foots is 
substantially reduced, the residue in this instance amounting to about 6 
per cent of the weight of the crude fed. The glycerol content of the foots 
is about 14 per cent so the loss of glycerol is approximately 1 per cent of 
the weight of that in the crude. 
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While salt boxes may serve to remove a considerable amount of salt, 
fully continuous operation cannot be obtained by their use under most 
conditions. With crudes high in salt, there is a tendency for the system to 
accumulate so much salt that the rate of distillation is reduced to a point 
where it is best to stop and wash out. However, the washing requires little 
time as compared to cleaning out foots, and numerous plants operate in 
this manner. One installation which is well arranged and which gives good 
results is shown in Figure 4-10. 

This system is also of interest in that it has been operated both with and 
without a separate still for foots and from production data a good compari¬ 
son can be made for the two methods. 



Figure 4-10. Semi-continuous glycerine distillation system. 


The still is 5 feet in diameter and 12 feet high on the straight shell. It is 
provided with 308 square feet of heating surface in the form of coils in 
nests about 3 feet high which extend about a foot above the liquor level. 
The coils are supplied with 150 psig steam. The still is fitted with a cone 
bottom and salt drum for the removal of salt. The still operates at 15 mm 
pressure, the vacuum system giving 8 mm at the ejectors. The crude glyc¬ 
erine, which averages 82 to 84 per cent glycerol from spent lye, is preheated 
for feeding to the still. A minimum of blowing steam is used, about 100 
pounds per hour. 

The vapors leave the still at 330°F and pass through a separator to the 
first condenser where an exchange of heat takes place with hot water sup¬ 
plied from a condensate tank under 20 pounds pressure. The vapors leave 
the first condenser at 275°F. The second condenser is regulated so that the 
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vapors leave at 200°F and the vapors from the third are 80°F. Approxi¬ 
mately 70 per cent of the distillate from the crude still is collected from the 
first condenser and is suitable after bleaching for r.S.P. grade. Notwith¬ 
standing the high vapor velocities, the salt content is less than 5 parts per 
million. From the second condenser is collected glycerol of H.G. grade from 
both the crude still and the foots still. The third condenser recovers the 
remainder of the glycerol, about 2 per cent of the total, which is returned 
for redistillation with the foots. 

This system was originally fitted with a salt drum but not with a foots 
-still, the "half-foots” being accumulated and boiled down to foots peri¬ 
odically in the crude still. Later a foots still was installed in order to increase 
output. During the feeding period on crude, the salt slurry is removed by 
taking off a drum full every 3}^ or 4 hours, the drum holding about 000 
pounds. The slurry is blown from the drum to one of two settling tanks, 
where it accumulates during the run. The salt settles out and the super¬ 
natant liquor or “half-foots” is decanted and boiled down to foots which 
are steamed sufficiently low in glycerol to be discarded. 

In operating the still in this manner, the rate gradually slows down, due 
to increasing concentration and salting up, so that it is necessary to re¬ 
cycle frequently. In practice, the feed is discontinued after 36 hours. Prior 
to the installation of the foots still, the boil down was made in the crude 
still, drawing back into the still the “half-foots” accumulated during the 
run. The complete cycle took 48 hours, made up of 36 hours on regular feed 
and 12 hours for boiling down, finishing foots, cleaning up and starting. 
During the boil-down period the distillate was split between C.P. and H.G., 
but on the finish of the foots the distillate all went to H.G. The average 
rate over the entire cycle was 400 pounds of distillate per hour. 

It was desired to increase this rate by 40 per cent. With this in view, 
a foots still was set up with the vapor line leading into the second condenser, 
the condensate going to II.G. The foots still has 124 square feet of coil sur¬ 
face (40 per cent as much as the still) and readily takes care of the liquor 
decanted from salt slurry taken from the crude still. This sluny carries 
about 15 per cent of the total glycerol from the crude. As in the previous 
case, feed of crude to the still is discontinued after 36 hours because of the 
slowing rate of distillation. The content of the still is transferred to the 
settling tank, the residue of salt and glycerol washed out of the still and 
a new feed started. In this case the complete cycle is 39 hours, made up of 
36 hours on regular feed and 3 hours for washing out and starting. The 
average over the entire cycle is 580 pounds of distillate per hour. This 
includes the distillate from the foots still which runs about 8 hours on the 
boil down and 4 hours to clean and start again. It may be noted that the 
addition of 40 per cent heating surface to the system increased the t>ver-all 
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production 40 per cent although somewhat greater increase would be in¬ 
dicated by the more rapid turnover of the crude still. This is offset by the 
time used in finishing the foots to a lower glycerol content than previously. 
The principal benefits derived from the separate still for foots consist of 
keeping the crude still and vapor system in a clean condition for U.S.P. 
grade, convenience in operating, and decreased loss of glycerol in foots. 

It should be noted that this system operates more easily on saponifi¬ 
cation crude and will continue to function over extended periods without 
stopping for a clean up. 

Where fully continuous operation is desired it is necessary to use a pump 
for handling the salt slurry rather than a salt box. In the installations where 
pumps are used, it is the best practice to circulate a considerably larger 
volume of slurry than is taken off for boiling down to foots. In some plants 
a tubular heater is used instead of coils in the still and the salt slurry cir¬ 
culated at sufficient velocity to scour any deposit from the tubes. In a 
still holding 4,000 pounds of liquor, the pump circulates over 10 times this 
amount each hour forcing it through the tubes and effectively preventing 
salting up. A much smaller amount is removed for the separation of salt. 
In another scheme, a pump is used to remove a volume of slurry about equal 
to the amount of crude fed to the still. This slurry is circulated to a con¬ 
tinuous centrifuge for salt removal and most of the clear liquor returned 
to the still, about 20 per cent of the liquor being diverted to the foots still. 
By circulating a large volume of liquor in this manner the salt is effectively 
washed from the still. It is evident that it is necessary to take measures to 
prevent salting up when operating on soap lye crudes, the steps adopted 
depending upon local plant conditions and on how much importance is 
attached to running with an interruption for a clean up. Any of the schemes 
outlined in the preceding paragraphs afford greatly improved operating 
conditions as compared with the old type batch method. 

After removing the salt slurry from the still, there are several means of 
disposing of it. The simplest is the one previously outlined, that is, running 
the slurry to settling tanks. The slurry from the salt drum carries about 
25 or 30 per cent salt in suspension which readily settles in less than 24 
hours. After the removal of the supernatant liquor, the salt with the re¬ 
maining liquor is washed to spent lye treatment for purification and re¬ 
covery of both salt and glycerol. In the larger plants taking off the salt 
slurry continuously, it is economical to use a continuous centrifuge for 
separation of the salt from the liquor. In this case, a very good separation 
is obtained but it is still worth while to send the salt to spent lye treat¬ 
ment for purification and recovery of salt and glycerol. 

The liquor from the settling tanks, or from the centrifuges as the case 
may be, may be disposed of in several ways. If a foots still is available, this 
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affords the most satisfactory means of doing so. The liquor carries 80 to 
85 per cent glycerol, and the remainder nonvolatiles. This will finish to a 
foots containing about 15 per cent glycerol which may be discarded as 
it represents a comparatively small loss based on the total crude handled 
that is the weight of the foots should not be over 5 or 6 per cent of the 
crude fed so the loss is approximately 1 per cent of the glycerol fed. The 
advantage in operating in this manner is evident as compared with finish¬ 
ing the foots by the batch method where the output of foots amounts to as 
much as 15 per cent of the crude and the loss is as much as 2 or 2)A per 
cent of the glycerol in the feed. 

If a greater recovery is desired, the liquor may be treated, or it may be 
partially boiled down and then treated and returned to the foots still in 
the same manner as practiced in batch distillation. Recovery of glycerol 
in foots is discussed later in this section. 

Among the other plants following this same general method is the Lurgi 
system which, it is understood, is quite widely used abroad. This is reported 
to operate under 10- to 12-mm pressure using open steam injection and using 
a separate still for finishing foots. The total amount of steam required is 
2.4 pounds per pound of glycerol including that for the vacuum system. 

Another plant in use abroad which is of interest is the Scott, where dis¬ 
tillation is carried on at 2 mm pressure at a temperature of about 350°F 
and without open-steam injection. The crude is dried prior to introduction 
to the still which accounts for the comparatively high temperature of the 
liquid. By operating in this manner, smaller vapor lines, condensers, etc., 
are needed because there is no water in the vapors. There are no details 
of the Scott system available but it would seem that the high temperature 
in the absence of all steam would tend to decompose glycerol and result in 
abnormally high fatty acid ester content in the product. The salt slurry is 
removed continuously and the foots finished in a separate still. The steam 
usage is said to be low, as would be expected. 

Fractionating Columns. Relatively few installations employ fractionating 
columns in the refining of glycerol. The reason for this is that by simple dis¬ 
tillation and fractional condensation, glycerol can be separated readily 
from most of the water and impurities in the vapors, or to the extent re¬ 
quired to meet the specifications called for in the usual commercial grades. 
If this is not accomplished in a single distillation it is customarily done by 
redistilling through the same equipment. 

Descriptions of systems using fractionating columns have appeared in 
the literature from time to time, as early as the Unglaub U. S. Patent 
481,879 in 1892. An interesting still is the Heckman still which is used 
on the Continent. This still is provided with a bubble cap plate above the 
liquors in the still to remove entrainment and a column with four bubble 



RECOVERY AND REFINING 


133 


cap trays. The vapors pass from the still to the bottom of the column, up 
through the trays and out through a reflux condenser. The product is 
taken off from the bottom of the column. 

A column which has met with some success in practical operation is 
described by Wm. Sieck, Jr., in U. S. Patent 1,986,165, (1935). 

In this case, the vapors from the still, together with some condensate 
from the hot condenser, enter the bottom of a packed column and a large 
part of the product is taken off the bottom. One feature of the still is the 
heating of the injection steam by the vapors from the still, the heat ex¬ 
change taking place in the super-heater condenser, where some of the glyc¬ 
erol is condensed and flows to the bottom of the column along with the 
the uncondensed vapors. The vapors leave the still at 320 to 330°F, and 
at 40 mm pressure, and after passing through the super-heater, go to the 
column at 275 to 300°F. The vapors rising through the column are cooled 
by water sprays, one at the middle of the column and the other near the 
top. This serves to condense most of the glycerol and reflux it back to the 
bottom of the tower. The vapors leave the top of the tower at about 70°F 
after most of the glycerol has been removed. A final condenser is used for 
recovering the remaining glycerol. A closed coil is provided in the bottom 
of the column which may be used if necessary to furnish more heat for vola¬ 
tilizing part of the surrounding liquor. When operating on redistilling, this 
unit is capable of producing a large proportion of its output as extra quality 
glycerine. A more recent development of this system is shown in Figure 4-11. 

In this case the vapors from the still pass through the separator and into a 
surface condenser, the temperature of which is controlled at any desired 
point by means of circulating a hot solution of water and glycerol at high 
velocity so as to obtain better heat transfer. The condensate flows to a 
receiver, and when necessary to a concentrator. The vapors enter the 
bottom of the tower and on passing upward are depleted of glycerol by 
water sprayed into the top of the tower. The vapors pass from the tower 
to the vacuum system designed to operate at 12 mm. The glycerol liquors 
in the tower are enriched on flowing downward by passing through the 
rising vapors. The condensate collected in the bottom of the tower goes 
to a concentrator fitted with a heating coil and connected to the vacuum 
system. The latter maintains a pressure of 10 to 12 mm. The operation of 
the system may be regulated so that a substantial portion of the output 
is condensed in the heat exchanger. From good quality crudes, a product 
suitable for C.P. grade may be taken off at this point. 

Another method of operation is illustrated by a plant where the con¬ 
densate flows down a tower. The vapors from the still go to the first of three 
condensers. This one is controlled at approximately 280°F where about 75 
per cent of the glycerol is condensed. This condensate flows down through 
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a tower fitted with several bubble cap trays against a flow of vapor set up 
by injecting steam into the bottom of the tower. The condensate is en¬ 
riched in glycerol as it descends by the stripping of water and the more 
volatile components. A good grade of glycerine is taken off at the bottom of 
the tower as the main product. The condensate from the second condenser 



Figure 4-11. Glycerine distillation system. ( Courtesy of Win. Garriguc d* Co., Inc.) 

is of high gravity grade after concentrating and the third collects the 
sweetwater. 

Numerous other modifications in the arrangement of condensers and 
fractionating columns are possible but for the production of the usual grades 
are not necessary. However, where it is desirable to produce a special grade 
of glycerine requiring the removal of practically all the volatile impurities 
with boiling points close to that of glycerol, a system employing a frac¬ 
tionating column with feed in the central portion of the column may be to 
advantage. The design of any such system depends upon the degree of puri¬ 
fication sought, the quality of stock to l>e distilled and the proportion of 
various grades to be produced. In general, it may be said that such systems 
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are best adapted to working in conjunction with the more conventional 
types, the latter operating on crudes and the fractionating system running 
continuously on special grades. 

Operating Procedure. Assuming that the crude to be processed has been 
obtained from properly treated glycerol liquors, the procedure to be 
adopted in refining depends upon (1) the quality of the crude, (2) the grade 
of finished glycerine desired, and (3) the equipment available. It is evident 
that a better quality distillate will result from crudes from the better 
quality fats under the same processing conditions because fewer impurities 
in lesser amounts will be carried through to the finished product. It is also 
true that the modern systems of distillation more effectively purify the 
distillates irrespective of the grade of crude being processed. For instance, 
the removal of trimethylene glycol from the main body of distillate is now 
readily accomplished but was a considerable problem for many years with 
the older type of equipment. However, it is still the case that the better the 
crude, the better the distillate and the higher the yield. 

The usual soap lye crudes coming to the still should contain not less 
than 80 per cent glycerol and up to 85 per cent, about 82 to 84 per cent being 
the average in good practice. In cases where a very low pressure is employed 
in the still, there are some advantages in using crude that is high in glycerol 
and low in water, and as previously noted, some systems make a point of 
predrying the crude to a low moisture content. In other cases, the water 
content of the crude is carefully adjusted to a constant figure, somewhat 
above the original content, the water carried to the still in this manner 
serving as blowing steam, no injection steam being used in the still. How¬ 
ever, in most installations, it is customary to use crude with about 7 per 
cent moisture and inject a small amount of open steam into the still. 

Soap lye crudes carry a considerable amount of suspended salt in ad¬ 
dition to that in solution. In order to decrease the residue in the still, 
as much salt and other nonvolatile matter should be removed from the 
crude as practical prior to going to the still. This is accomplished by 
settling for a day or two. There will remain, however, the salt in solution, 
about 7 per cent on the weight of the crude, which is removed as previously 
described during distillation or finally as foots with the other non-volatile 
still residues. 

Soap lye crudes also carry small amounts of fatty matter that has escaped 
removal in lye treatment. The amount of fatty acids varies according to 
the quality of the crude and the inadequacy of the lye treatment. Caustic 
soda is added to the crude or in the still with the object of fixing the fatty 
acids, causing them to remain as soaps in the still residues rather than 
passing over in the vapors with the glycerol. As would be expected there 
is considerable variation in practice as to the amount of caustic added. 
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Usually the alkalinity of the crude is adjusted, prior to being fed into 
the still, to 0.15 to 0.25 per cent Na*0. Often some caustic is added to the 
initial charge in the still, approximately 2 per cent of Na 2 0 based on the 
still contents. In some cases more is required. While the concentration of 
caustic in the still effectively prevents the distillation of the greater part 
of the fatty acids, small quantities find their way into the various frac¬ 
tions. For the most part, these are volatilized as the esters, probably the 
monoglycerides. Those of the lower fatty acids, butyric, valeric and caproic, 
are responsible for some of the objectionable odors at times found in other¬ 
wise good quality distillates. It is believed that the soaps present with the 
glycerol in the still liquors react to form esters and NaOH, this reaction 
being more pronounced at the higher temperatures of distillation. Hence, 
in order to minimize the presence of fatty acid esters in the refined glycerine! 
it is desirable to operate with as good vacuum as practical and to use some 
water vapor. 

Since the carry-over of some fatty acids cannot be prevented entirely 
by the presence of caustic in the still, the removal of substantially all of 
those remaining as well as of other odorous substances, must be accom¬ 
plished by fractionating when making better grades of glycerine. In the 
types of distillation systems illustrated previously, the fatty acid esters 
are normally reduced in a single distillation so that the C.P. fractions are 
well under the limit set in U.S.P. specifications, that is equivalent to 0.03 
per cent Na 2 0. As previously mentioned, it is often desirable to make 
extra quality grades of glycerine for special purposes. In such cases it is us¬ 
ual practice to redistill and fractionate the better cuts from the first dis¬ 
tillation. In this manner the odorous substances may be reduced to a min¬ 
imum and at the same time improvements made in color and in the 
removal of other impurities. As an illustration, we may consider the oper¬ 
ation of the modified Van Ruymbeke system shown in Figure 4-7. It was 
noted that in distilling a good salt lye crude, there are normally collected 
three fractions, grade # 1 amounting to 20 per cent, # 2 to 55 per cent 
and #3 to 25 per cent. These fractions may be redistilled to produce spe¬ 
cial quality grades or to up-grade the fractions. The relative distribution 
of the fractions to the various grades may be represented by the scheme 
shown in Table 4-2. 

The relative yield of the fractions of course depends upon the quality 
of the crude and redistillation is frequently necessary to obtain marketable 
grades from poor crudes. Deficiencies in the older types of equipment are 
usually overcome to some extent by redistilling, but at an added cost. As 
previously noted, it is common in current practice in modern stills to 
produce a large proportion of C.P. grade in one distillation, whereas for 
many years it was necessary to redistill for this grade. 
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In addition to those impurities which are volatile and must be frac¬ 
tionated from the glycerol vapors, difficulty is often experienced in re¬ 
ducing the nonvolatiles to limits required in the better grades of glycerine. 
These impurities go to make up the “carbonaceous and mineral residue” 
and the “ash.” In U.S.P. glycerine, the latter must not exceed 0.01 per cent 
as sulfated ash. These residues consist principally of organic matter, NaCl, 
NajSOi and iron and are carried by entrainment in the vapors from the 
still through the condensing system. As has been noted in describing the 
design of the more widely used systems, a separator or catchall is always 
placed between the still and the first condenser to collect any foam and 
separate as much entrainment as possible from the vapors prior to reaching 
the condenser and contaminating the product. Several types of separators 
are in use; probably the one most widely used is known as the Flick design. 


Table 4-2. Fractionation of Grades of Glycerine 


Grade Produced 

From Distillation of 

Salt Crude 

Fraction •! 

Fraction *2 

Fraction $3 

Special drug (double dis- 

_ 

01 

_ 


tilled) 






C.P. drug 


*1 

02 

01 and 02 

— 

C.P. commercial (tobacco) 

*2 

— 


01 and 02 

High gravity 






Dynamite 


03 

*3 

03 

03 

Yellow distilled 







This depends upon the centrifugal separation of the entrained particles. 
The vapors enter tangentially and spiral around the center pipe through 
which the vapors are led out of the separator. In the Ittner still, the Weber 
type is used with success. 

While these separators are usually quite effective in normal operation, 
there may be occasions when conditions are such that considerable salt 
and other non volatiles are carried over. An undue amount of contamination 
often results from careless operation, too rapid starting of the system, 
the use of excessive amounts of blowing steam or sudden variations in 
vacuum. Persistent trouble may mean too high vapor velocities from the 
still as a result of forcing distillation rates to a point higher than the 
system can accommodate. As a matter of fact, the entrainment of salt 
may limit the rate of production from the still. 

On the other hand, there always seems to be a small amount of non¬ 
volatiles carried through the system even when operating under good con¬ 
ditions at moderate rates. This probably occurs as entrainment in the form 
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of a fog, particles so small as to be very difficult to separate. In the systems 
currently in use, the nonvolatiles are readily held below the U.S.P. limits 
by careful operation. It is common experience, however, that batch opera¬ 
tion adds to the difficulty, that is, the carry over of salt is great ly aggravated 
during the boil down of still residues and finishing of foots. Consequently 
it is necessary to reject for C.P. the first part of the distillate when starting 
the system on a new cycle of operation. With usual rare the “carbonaceous 
and mineral residue” can be held in the range of 0.005 to 0.01 per cent 
and the “ash” in the range 0.001 to 0.002 per cent (limit 0.01 per cent), and 
chlorides in the range of 2 to 5 parts per million. 

There is a wide variation in the amount of Sweetwater or weak liquors 
produced by the various systems of distillation. In order to prevent loss 
of glycerol, the final condenser is run at a comparatively low temperature 
and condenses considerable water and the last of the glycerol together with 
some of the volatile impurities. In the well designed system the tempera¬ 
tures of the main condensers are controlled so as to pass as much of the 
volatile impurities to the final condenser with as little glycerol as possible 
but the final condensate always contains a considerable amount of glycerol, 
sufficient that it may be profitably recovered. With it are the volatile im¬ 
purities, such as free fatty acids, resin acids, esters, glycols and other 
organic matter, and water. The amount of the impurities collected depends 
very largely upon the quality of the crude fed to the still; the quantity of 
water condensed depends mostly upon the blowing steam used. It was noted 
in describing the distillation plants that Sweetwater condensed in the older 
systems amounts to between 1 and 1 times the weight of the crude fed 
and contains 2 to 4 per cent glycerol. In the newer systems employing higher 
vacuum and less blowing steam, a much smaller quantity of Sweetwater is 
collected, containing from 1 to 2 per cent of the total glycerol in a fairly 
concentrated solution. Where the crude is derived from the better grade 
fats, trimethylene glycol is not a problem and the sweetwatcrs may be re¬ 
turned to the system after comparatively simple treatment. Where collected 
in more dilute condition, it is usual to concentrate the Sweetwater to some 
extent and clarify in much the same manner as spent lye. In fact the sweet- 
water may be added to the spent lyes and carried through the regular lye 
treatment. When the Sweetwater is in a more concentrated form, it may be 
clarified and added to the half crude for evaporation to crude. In some cases 
it has proved satisfactory to transfer a sweetwater of the more concentrated 
type, directly to the foots still. In considering the disposition of the sweet- 
water, the fact should be kept in mind that some of the volatile impurities 
are concentrated in it and care taken not to recycle them through the 
system. This is particularly true when handling crudes from low-grade 
fats such as garbage grease where considerable trimethylene glycol collects 
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in the Sweetwater. Such liquors should be kept separate from those of better 
quality so as not to return the glycol to the system. This may be ac¬ 
cumulated until sufficient to make a special run, first clarifying the liquor 
and concentrating it, and then distilling and fractionating the glycol from 
the glycerol. 

The fact that only a small quantity of sweetwater is produced in a 
system is not necessarily favorable. It is possible that a substantial amount 
of glycerol vapors may be escaping condensation in the last'condenser and 
being carried over with the water vapor and lost in the discharge from the 
vacuum system. This is not uncommon when the distillation system is 
being operated beyond normal capacity in which case the high velocities 
of the vapors and inadequate condenser surface may contribute to unduly 
high losses. 

Another point to be kept in mind is that one of the functions of the 
blowing steam is to carry over the volatile impurities, scrubbing them from 
the condensates in the hot condensers. It is desirable to use sufficient blow¬ 
ing steam to remove the more odorous lights adequately from the con¬ 
densing glycerol. It has been observed that the fatty acid ester content of 
special quality fractions tends to increase where relatively small amounts 
of blowing steam are used. 

The removal of the foots from the still has been discussed in preceding 
paragraphs and the glycerol content of the residue indicated. Briefly sum¬ 
marized, one method consists of steaming the residue in the still until 
all of the glycerol which it is practical to remove has been driven off. The 
foots are discharged and no attempts made to recover any glycerol. In 
this state, the foots are very viscous even when hot, contain 12 per cent 
up to 15 per cent glycerol and leave the still in a condition somewhat difficult 
to clean. The loss of glycerol amounts to2 to 2J^ percent but many plants 
operate in this manner because the profit in reworking foots is questionable 
under most circumstances. 

Where facilities are available for treating foots, it is sometimes worth¬ 
while to recover part of the glycerol otherwise lost. In this case the boil 
down is concluded when the residue in still sufficiently fluid to be removed 
readily from the still, that is at about 20 to 25 per cent glycerol content. 
Stopping at this point has the added advantage that loss of glycerol by 
decomposition and polymerization is less than occurs under prolonged heat¬ 
ing. The hot foots are dropped into a dissolving tank containing about an 
equal volume of water. In one method the foots solution is first given an 
acid treatment with H2SO4, allowed to settle and the tarry matter skimmed 
off. An excess of lime is then added to precipitate the calcium soaps and 
sulfate which are removed by filtration. The filtrate is neutralized with 
sulfuric acid to precipitate the excess calcium as sulfate and this removed 
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by another filtration. The filtrate is then neutralized and evaporated with 
other lyes. A variation of this method sometimes used is to remove (he 
excess calcium with soda ash as calcium carbonate, which is then filtered off 
Another method calls for the foots solution to be first given a treatment 
aith an acid solution of ferric sulfate and the precipitate filtered out Then 
lime is used to neutralize the acidity and precipitate the excess of iron 

filUid Trm, t ° U d u be , J SllBhtly alkaline - to -P he nolphthalein. It is then 
filtered. The filtrate should preferably be given a treatment with about 

0 2o per cent soda ash to precipitate any remaining lime salts which would 

otherwise scale the evaporator tubes during concentration to crude Nu 

merous other variations are possible but the utility of any method is 

limited by the expense involved and the fact that it is difficult to recover 

m ° re . tha " one half ° f the g‘y cero1 >n the foots. Each step of the treatment 
adds to the cost, each filtration increases the loss, so that the final result is 
a loss in the foots of about 1 to 2 per cent of the glycerol in the crude 
coming to the still. This compares with a loss of 2 to 2^ per cent by the 
method of steaming and discarding the foots without further treatment 
so it is evident that there is a comparatively narrow margin to work on in 
treating the foots for recovery of glycerol. 

Bleaching of Glycerine. In the crude glycerine is concentrated much of 
the coloring matter remaining in the glycerol liquors after treatment. The 
crude consequently varies in color from a straw yellow to almost black 
depending upon the source. The preponderant part of these color substances 
are of a nonvolatile nature and are almost completely removed during the 
course of distillation and fractionation of the glycerol vapors. Some small 
amount may be carried over as entrainment in the vapors. There is also 
present in the crude a much smaller amount of color-forming substances 
which distill with the glycerol. While most of these color substances are 
separated from the glycerol fractions by partial condensation, a significant 
quantity condenses with the glycerol even under the best practical condi¬ 
tions. The removal of off-odors is likewise of importance and these persist 
in the various fractions to much the same degree as the color bodies. 

The increasing use of glycerine by the food industries has stressed the 
importance of the removal of both color and odor from the grades used for 
such purposes. For other grades, such as Dynamite and Yellow Distilled, 
the color and odor requirements are not so critical but are defined by the 
specifications in each case. In order to meet the requirements of U.S.P. and 
extra quality grades it is usually necessary to treat the fractions going to 
these products to remove the last traces of color and off-odor. Sometimes 
it is necessary to treat the fractions going to other grades to improve them 
in these respects. The bleaching may be accomplished most readily by the 
use of activated carbon. Prior to World War I, bone char was used for this 
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purpose but as a result of research on activated carbons and their use 
in gas masks, they became plentiful and after the war were generally 
adopted for bleaching glycerine. The activated carbons are prepared by the 
destructive distillation, under controlled conditions, of vegetable carbo¬ 
naceous substances treated with certain chemicals. They possess 30 to 40 
times the activity of bone char. The carbon should contain as little as 
possible of ash and soluble organic matter that might contaminate the 
glycerine. 

The equipment required consists of a bleaching tank fitted with closed 
steam coils and mechanical agitator, a plate and frame filter press, a filter 
press pump, a holding tank for the bleached glycerine and a filter-cake 
slurry washing tank. To avoid contamination of the product, all equipment 
coming into contact with the bleached glycerine should be preferably nickel 
or stainless steel. However, mild steel and iron are most commonly used in 
this service with good results. 

The amount of activated carbon needed is dependent upon the quality 
of the glycerine being bleached, or the degree of color removal desired, and 
the activity of the carbon. Normally only a fraction of 1 per cent is used and 
seldom over 2 per cent. A smaller quantity of diatomaceous earth is or¬ 
dinarily used as a filter aid. In plant practice, the amount of carbon to be 
added is determined on the basis of past experience and judgment. Active 
carbon and filter aid are added to the glycerine in the bleach tank at a 
temperature of 165 to 175°F, are mixed for one or two hours and then fil¬ 
tered. It is best not to exceed these temperatures in order to avoid develop¬ 
ing color in the glycerine during mixing. On the other hand, glycerine docs 
not filter readily below 160°F so the bleaching is usually carried on in the 
range indicated. Prior to filtering, a sample is examined for color and odor, 
and if not satisfactory more carbon is added and bleaching continued. 
When ready to filter, distilled water is added to adjust the batch to the 
desired specific gravity, after which it is filtered and run to the holding tank 
ready for drumming or shipment. 

The cake from the filter press after its first use, still has considerable 
adsorptive power remaining and can be re-used countercurrently on suc¬ 
cessive batches of glycerine. When this is done, a much smaller percentage 
of new carbon is needed on the final bleach, between 0.25 and 0.5 per 
cent being sufficient on good fractions for U.S.P., thus effecting a substantial 
reduction in carbon with better results in bleaching. 

1 he retention of glycerine by the filter cake is very high and ordinary 
methods of blowing the cake with air and steam and washing with water 
are inadequate and result in high losses. An effective and practical method 
of handling the cake is carried out in the following manner. The press is 
allowed to drain freely into the bleached glycerine holding tank. The cake 
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bleach " a " d Steam ' the «*»« drained back into the 

bleach tank The press is opened and the cake is discharged into a wash 

tank where it is thoroughly slurried with several times its volume of water 
The slurry is pumped through the press and the cake blown with air and 
steam to dry it. The filtrate of dilute glycerol solution is transferred to the 
gycerol recovery plant for treatment and concentration. The washed cake 
is then weighed, sampled for glycerol analysis and discarded. The glycerol 
oss with this wash procedure will run 0.1 per cent to 0.5 per cent of the 
through-put depending on the relative quantity of bleaching material used 
in the glycerine. It is also common practice to transfer the cake after blow¬ 
ing and steaming, directly to the acid treatment of the lye treating plant 
to conserve its glycerol content. 


Brant* describes a method of treatment with hydrogen peroxide for 
the removal of odorous substance from glycerine intended for the more 
critical uses. This method is distinguished from the conventional practice 
by the employment of lower temperatures, longer time of contact and the 
use of small quantities of hydrogen peroxide. About 2 per cent of an ac- 
tivated carbon is used with approximately 0.05 per cent hydrogen peroxide 
(calculated as Hj 0 2 ) on the weight of the glycerine. The mixture is agitated 
at a temperature of less than 50°C (122°F) for a period of at least 6 hours 
and then filtered. The product is described as of improved purity in that 
it will not develop color nor off-odor under conditions of the more critical 
uses. It is well to note here that glycerine possessing these properties is 
regularly prepared by other methods than that described in the foregoing 
patent. * 


The Use of Ion-Exchange in Glycerine Purification! 

The development of improved ion-exchange resins within the past few 
years has made possible the successful application of ion-exchange to 
glycerine purification. The process has now been proved entirely practical 
in large commercial installations and it is apparent that the ion-exchange 
method represents a major advance in the production of high-quality glyc¬ 
erine. The process is closely parallel to the demineralizing of water, in 
which ionized impurities are removed by cation-anion exchange in series. 
In working on glycerol-bearing liquors, the mineral salts or ash, the fatty 
acids or their salts, and the organic color bodies are removed, while the 
glycerol itself passes through unchanged, in a sufficiently pure state so that 
it may be concentrated by evaporation alone, distillation being unnecessary. 

Some earlier work has l»een done making partial use of this process, and 
jus long ago as 1945, U. S. Patent 2,381,055 was issued to H. E. Hoyt on 

* In U. S. Patent 2.120,227, 1938. 

t From material furnished by the Illinois Water Treatment Co., Rockford, Ill. 
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the removal of acid from glycerine as a preliminary to distillation. How¬ 
ever, the complete elimination of distillation in the production of chemically 
pure glycerine is a relatively recent development. Various aspects of the 
work have been reported by Stromquist and Reents 16 of the Illinois Water 
Treatment Company. 

Many different materials have been so treated, ranging from waste 
sweetwaters with a 3 to 5 per cent glycerol content up through normal 
sweetwaters with 8 to 15 per cent glycerol content, and including saponifica¬ 
tion crudes with an ash content of 2 to 3 per cent, and soap lye crudes in 
which the ash usually does not exceed 10 per cent. 

From all of these materials, the process will produce a dilute glycerine 
which can be concentrated to C.P. glycerine equal to a double distilled 
grade. However, the economic attractiveness of the process will vary 
considerably, depending on many local conditions. In most cases, it is 
questionable whether ion exchange purification of the high ash crude— 
above say 7^ percent—will be practical, although even this can be attrac¬ 
tive under special circumstances. For example, in new plant design, where 
either distillation equipment or ion exchange can be installed, the latter 
offers distinct advantages in capital investment required, in uniformity of 
product and higher yield of C.P. grade, while the operating cost is approxi¬ 
mately the same. 

Because of the relatively high concentrations of impurities, it is usually 
impossible to remove them by a single pass through cation and anion 
resins. They can, however, be almost completely removed by two or more 
passes, each one of which, removes 90 per cent plus of the impurities fed 
to it, and with the addition in some cases of a pass through a color adsorbing 
resin which considerably lightens the load on the anion exchange beds. 

Probably the most immediately attractive application of the process 
is in the salvage by ion exchange purification and evaporation of very 
dilute low-grade sweetwaters which are at present discarded to waste. A 
C.P. material can be obtained by means of two passes through ion ex¬ 
change, plus a single color adsorbing column, followed by evaporation. 
Equipment cost and operating cost are relatively low because of the low 
initial ash content and mil run at or less than one half cent per pound of 
concentrated C.P. product. Other sweetwaters, containing glycerol on the 
order of 8 to 12 per cent and ash from 0.1 to 0.6 per cent are also very 
easily purified with an over-all cost of the same order. 

Crude glycerines, with high ash content and heavily colored, require two 
or three passes depending on the raw material. The cost of operation is 
higher in proportion, but is in general attractive up to a 5 to 7 per cent ash. 

1 he crude must be diluted to 30 to 40 per cent by weight in order to reduce 
viscosity and to lower the concentration of salts, and must be delivered to 
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the ion exchange columns free of turbidity and colloidal matter. The end 
result is, however, a product which is all of U.S.P. quality or better, since 
there is no loss through the necessary production of a percentage of lower 
grade material. 

The approximate chemical costs and resin amortization costs for treat¬ 
ing various glycerine solutions are illustrated in Figures 4-12 and 4-13. 
The former is based upon Sweetwater containing 15 per cent glycerol and 
the latter upon crudes containing 80 per cent glycerol. Other costs, such as 



Figure 4-12. Cost of finished 95% glycerine from 15% solution. (From Stromquist 
and Reents, Ind. Eng. Chem., 43, 1069,1951). 


equipment amortization, labor, and evaporation, should be charged against 
the process, but these two are the major ones. 

In general, the ion exchange resins used for salt and color removal from 
glycerine solutions are of the same types as used for general ion exchange 
work, as in water purification. Likewise, the proper choice of resins is im¬ 
portant. Most cation exchange resins are insoluble condensates of phenol 
sulfonic acid with formaldehyde, though the recent development of sul- 
fonated polymers of styrene and divinylbenzene gives a cation exchanger 
of high capacity and extreme chemical stability. However, the different 
resins, while similar in general characteristics, do vary in some respects, 
so the proper choice depends upon conditions such as the amount and 
nature of color and ash to be removed. 

For use in this work the cation exchangers are operated on the hydrogen 
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cycle, that is, activation (or regeneration) is accomplished with a dilute 
acid such as sulfuric or hydrochloric, which charges the resin with the 
hydrogen ion. The cation exchange reaction to remove sodium chloride 
may be expressed by this equation: 

NaCl + RSOjH — RSO,Na + HC1 0) 

The sodium is exchanged for the hydrogen ion on the sulfonic group of 
the resin. Other cations, such as calcium, magnesium, and iron are similarly 
removed. 
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Figure 4-13. Cost of finished 95% glycerine from crude. (From Stromquist and 
Reents, Ind. Eng. Chern., 43, 1068, 1951). 


Regeneration is similar to that of a zeolite softener, consisting of back¬ 
wash, introduction of the regenerant (which in this case is the acid) and 
rinsing to remove the products of regeneration and the excess regenerant. 

The anion exchange resins commonly used to remove the acids formed 
by cation exchange are of two types. The older, so-called “weak base” 
anion exchangers are condensation products of aliphatic amines and phenol 
with formaldehyde. These resins compare in basic strength with the slightly 
ionized base, ammonium hydroxide. Since they are weak bases, they remove 
only strong acids such as sulfuric, hydrochloric, and phosphoric, but they 
do have high capacity and relatively high efficiency for such removal. 

The resin selected for this exchange should be one of relatively high 
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porosity, as this type will have, to a greater degree, the property of removing 
color bodies from glycerine solutions. 

In order to remove weakly ionized organic and inorganic acids from a 
solution, a "strong base" anion exchanger is employed. This type consists 
of a quaternarized polymer of styrene and divinylbenzene. The quaternary 
ammonium group is a strong base, comparable to sodium hydroxide, and 
such a resin acts as a true anion exchanger, according to the following 
equation: 

R«NOH + CHjCOOH - CHaCOONR* + H,0 (2) 

Equation (2) illustrates the exchange of slightly dissociated acetic acid. 
The resin reacts quantitatively with other weak acids, such as carbonic, 
silicic, formic, phenol, and the various fatty acids. Consequently, a resin 
of this type is used for the final pass in glycerine purification. 

Regeneration of an anion exchanger is similar to the cation exchange 
regeneration, but sodium hydroxide is the regenerant and an additional 
rinse step with water from a cation exchanger is necessary for completion 
of regeneration. 

Table 4-3 illustrates some of the characteristics of a glycerine solution 
at various stages during its treatment. The final pass here was by a single 
mixed-bed unit which is mentioned below, and which results in the highest 
purity. 

Table 4-4 shows the quality of product obtained by the triple pass treat¬ 
ment of a soap lye crude glycerine having an ash content of approximately 
10 per cent. Whether such treatment is economical depends on many fac¬ 
tors, but it demonstrates that a satisfactory quality can be produced readily. 

The equipment required will depend quite largely on local conditions, 
which will determine whether the operation must run around the clock or 
whether batch production is permissible. If the former is desired, the 
equipment must be supplied in duplicate to permit regeneration to be car¬ 
ried out on one unit while the other is in service. If batch operation is per¬ 
missible the equipment must be sized to take care of the flow of material 
coming to it, and also with the capacity of the evaporator in mind. The 
regeneration of ion exchange equipment is performed very similarly to that 
of a zeolite water softener except that there are a number of exchange ves¬ 
sels involved and some of these, the cation exchangers, are regenerated with 
an acid such as sulfuric, and the anion exchangers with an alkali such as 
caustic soda. Piping and valves are provided to control the flow of glycerine, 
water, and regenerant solutions. All tanks, piping, and valves must be of 
rubber-lined or of corrosion resistant materials to resist the action of the 
acids and to protect the purity of the product. During the service cycle, 
between regenerations, operation may be made partially automatic, and 
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warning instruments are usually included to show when the exchange 
capacity of the equipment has been reached and regeneration .s .equ.red. 

Table 4-3. Analys.s or D.luted Soap Lye Crude Through Var.ous Stages or 

Ion Exchange Treatment _ 


Specific gravity 

pH 

Color, % of total light 
transmitted at 410 m/i 
Chlorides, % as XaCl 
Alkalinity, total % as 
CaCOj 
Sulfates 

Calcium and magnesium 
% as CaCO, 

Sodium, % as NaCl 
Acidity 

Mineral acids, % as 
NaCl 

Total acids 
Resistance, ohnis/CM* 


Raw 
Diluted 
Soap Lye 
Crude 

First Pass 
After 
Cation 
Exchange 

First Pass 
After 

Weak Base 
Anion 
Exchange 

Second 

Pass 

After 

Cation 

Exchange 

Second 
Pass After 
Weak Base 
Anion 
Exchanger 

Final Pass 
Mixed Bed 

1.060 

1.054 

1.0490 

1.0472 

1.0455 

1.0402 

9.55 

0.72 

8.69 

1.31 

8.10 

7.02 

23 

46 

93 

98 

98 

100 

1.57 

1.56 

0.095 

0.094 

0.003 

0.0002 

0.19 

0 

0.01 

0 

0.0035 

Trace 

Trace 

Trace 

0 

0 

0 

0 

0.01 

0 

o 

0 

0 

0 

1.54 

0.11 

0.102 

0.006 

0.0055 

Trace 

0 

1.30 

0 

0.094 

0 

0 

o 

1.43 

0 

0.100 

0 

45,000 

0 

1,200,000 
Note: Ash— 
0.0002% 


Table 4-4. Analysis ok Sample of Glycerol Purified by Ion Exchange from 

Soap Lye Crude 

(%) 

Glycerol content. 95.0 

Soda absorption (cc of N/2 NaOH absorbed by 50 cc of sample)- 0.23 

% residue on burning. 0.0027 

% ash. 0.0009 

Chlorides, % NaCl. 0.0006 

Color, on 5 Y\ inch column, equal to bleached, double-distilled glycerol. 

Other objectionable substances absent. 


It should be noted that in practice it is desirable to avoid completely ex¬ 
hausting the exchange capacity of the resin beds before regeneration, it 
being more economical to stop slightly short of the exhaustion point. 

In the most recent modification of the ion-exchange process, a single tank 
“mixed-bed” unit is used in place of the final pair of exchangers. In this, 
is an intimate mixture of cation and anion exchange resins, which are 
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separated for regeneration. According to Reents and Kahler 1 *, who describe 
in considerable detail the development of the mixed-bed deionization, this 
combination was made possible for practical operation by the advent of 
anion exchange resins of low density and uniform particle size. Previously, 
deionization could be accomplished by intimately mixing the resins in 
a single vessel but no practical method was available for separation and 
regeneration. With low density anion exchange resins, the relative difference 
in density between cation and anion exchangers permits a ready separation 
of the resins by hydraulic classification. 

Mixed-bed deionization involves passage of the glycerine solution through 
an intimate mixture of cation and anion exchangers which is in effect a 
multiple pass system containing alternate layers of cation and anion resins. 
The resins used are a strongly acidic cation exchanger and a strong basic 
anion exchanger which also has color removal properties. Generally, the 
proportions are one part of cation and two parts of anion exchanger. The 
glycerine solution passes downflow through the mixed-bed at flow rates 
up to 5 gals/sq ft/minute. Because of the nature of the mixed-bed, the salt 
content of the treated glycerine is generally below 1 ppm. In commercial 
operation, the mixed-bed is controlled by the use of a pH and conductivity 
recorder. After passage through the system, evaporation of the solution 
yields a glycerine of U.S.P. quality. 

In summary, the concentrated glycerine produced by ion-exchange fol¬ 
lowed by evaporation is equal to and in most cases superior to that produced 
by conventional distillation units. Probably the greatest advantage of the 
ion-exchange process is the fact that practically all the glycerine fed to the 
system is recovered as C.P. grade. Certain non-ionized impurities are not 
removed by the process, but ordinarily these are present only in insignifi¬ 
cant quantities. 

The first commercial plant for purification of glycerine by ion exchange 
was put in operation in May 1951. Designed by the Illinois Water Treat¬ 
ment Company of Rockford, Illinois, it was built for the Lever Brothers 
Company in Los Angeles, California. A description of the plant has been 
given by Busby and Grosvenor*. The plant is designed to purify 26,600 lbs 
of crude glycerine (82 per cent glycerol, about 6 per cent NaCl) per day in 
two 12-hour cycles. Each cycle includes all steps of diluting the crude 
glycerine, regeneration and preparation of the resins for further use. 13,300 
lbs of crude, diluted to 25 to 30 per cent concentration and filtered are used 
in each cycle. The glycerine solution is passed successively through three 
pairs of cation- and anion-exehange resin beds and finally through a mixed 
bed, as shown in Figure 4-14. 

The resin is supported on graded gravel in each of the first six exchangers. 
The sizes of the exchangers are chosen so that all will need regeneration at 
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Capacities of the exchange units 

and the amounts of resin 

used are as follows: 

Exchanger 

Capacity 

(*als) 

Resin 
cu ft 

Primary, cation 

4,460 

330 

330 

66 

66 

12 

12 

8 

Primary, anion 

4,460 

Secondary, cation 

920 

Secondary, anion 

920 

Tertiary, cation 

206 

Tertiary, anion 

206 

f cation 

Mixed bed 

350 (anion 

16 

• a & • • V 


about the same time. The exchangers, tanks and pipes in contact with 
partially deionized glycerine, acid or alkali are rubber-lined steel. The crude 
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Figure 4-14. Ion-exchange unit for the purification of soap-lye crude glycerine. 
(From Busby and Grosvenor .) 


glycerine dilution tank (12,000 gallons) is of steel. The dilute product tank 
is of stainless-clad steel. 

When a cycle is started, the resin beds are covered with water from the 
previous regeneration and washing. As the diluted crude is run in, the water 
is forced through the system. This water and its gradually increasing glyc¬ 
erol content is run into the crude dilution tank to be used with the next 
batch of crude. When the effluent contains 15 per cent of glycerol, it is run 
into the dilute product tank. After all of the crude has been pumped into 
the system, it is followed by water which forces the glycerine through the 
exchangers and prepares the resin beds for regeneration. When the glycerol 
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concentration in the effluent drops to 15 per cent, the effluent is again di¬ 
verted to the crude dilution tank. A typical cycle is shown in Figure 4-15. 

Cation-exchange resins are regenerated with 12 per cent sulfuric acid and 
rinsed with raw water. Anion-exchange resins are regenerated with 5 per 
cent sodium hydroxide and washed with treated water. Partially spent 
regenerant solutions and wash water are reused as much as possible. The 
mixed resin bed requires special treatment. The mixed resins are first 
separated within the tank by hydraulic classification. The anion-exchange 
resin (the upper layer) receives caustic solution from the top and acid 
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Figure 4-15. Typical deionization cycle for dilute soap-lye crude glycerine. (From 
Busby and Grosvenor.) 

solution is pumped through the cation-exchange resin from the bottom. 
The two solutions are withdrawn together at the interface of the resin 
layers. After they have been regenerated and washed, the resins are mixed 
by air agitation. 

The 12-hour cycle of the plant may be divided into steps. 

Approximate time (hrs) 


Dilution of crude and filtration. 

"Sweeten On” (0 to 15% glycerol). % 

Run (above 15% glycerol). 4 

"Sweeten Off” (15 to 0% glycerol). % 

Regeneration of resins. 5 

Total. 12 


In Figure 4-16 is shown a view of the operating walkway of the plant. 
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Losses and Yields 

In discussing the recovery, purification ami refining of glycerol, attention 
lias been called to the losses experienced in the various steps and the yields 
which can he obtained have been indicated. While it is unsat is!act ory in 



I'UiCItK 4-IG. (ilyceriiic Deionization Plant showing Operating Walkway. (Front 
Rush;/ a nil Grosrenor.) 


many respects to generalize in such eases where the methods of processing 
vary so widely, a brief summary of losses and yields may be of interest. 
It should lie noted that the following figures cover only the steps indicated, 
are not over-all yields, and represent good operating practice on good stocks. 

(I > The yield of glycerol from soap making depends very largely on the 
amount left in the soap, which may not be considered strictly as a loss. A 
yield of 110 to 05 per cent from the fat to tin* lye on caustic saponification 
is very good. 
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(2) Hydrolysis gives a higher yield, 95 to 97 per cent split by the Twitchell 
process and 98 to 99 per cent by autoclaving being good practice. 

(3) The purification of glycerol liquors resulting from saponification or 
hydrolysis can be accomplished in a practical way with a loss of not more 
than 1 to 3 per cent of the glycerol content of the Sweetwater or lye to the 
crude. 

(4) In refining the crude a yield of 97 to 98 per cent of the glycerol in the 
crude can be obtained, the principal loss occurring in the foots. Probably 
the preceding figures for yields are high for the average plant, some plants 
reach them, many do not. 

When we consider over-all yields of glycerol there are many points of 
minor losses, the total amount of which may form a very substantial item 
and materially reduce the over-all yield. For instance in kettle practice, 
an over-all yield of 90 per cent from the fat is average practice and many 
well managed plants range from 85 to 90 per cent. For glycerol refining an 
over-all average of 97 per cent from the crude to the single distilled is good 
practice, but 95 to 96 per cent is not unusual. Keeping in mind that all of 
these figures represent reasonably careful operation under good conditions, 
it may be seen that the miscellaneous losses form a considerable proportion 
of the total in normal operation. 

The following list of 25 points of loss is offered as an aid in checking the 
numerous ways in which glycerol may be lost in the course of processing 
the fats. 

(1) Loss by spills and leaks in unloading fats and failure to clean con¬ 
tainers. 

(2) Loss by washing away fat and glycerol in water from steaming out. 

(3) Loss of fat by leakage in storage and handling. 

(4) Loss resulting from the hydrolysis of fats during storage. 

(5) Loss of fat during acid washing of low grade stock. 

(6) Loss of fat in earth or chemical bleaching. 

(7) Losses in the foots from refining fats. 

(8) Reduction of yield as a result of glycerol left in the soap. 

(9) Loss of glycerol left in unsplit fat from hydrolyzers. 

(10) Loss of glycerol in lyes run to sewer. 

(11) Losses in separating sweetwaters from fatty acid stocks. 

(12) Loss of glycerol by fermentation in lyes. 

(13) Loss in salt discarded from system. 

(14) Loss by lye treatment through leakage, spills, careless handling 
of skimmings, etc. 

(15) Loss in filter press (rake from lye treatment. 

(16) Loss by entrainment, foaming, etc., in the evaporator. 

(17) Loss through inadequate removal of glycerol from salt. 
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(18) Loss through washings from drums, tanks, floors, etc. 

(19) Loss through entrainment during distillation. 

(20) Loss by incomplete condensation during distillation. 

(21) Loss’by decomposition during distillation. 

(22) Loss occasioned by handling sweetwaters. 

(23) Loss in foots from still. 

(24) Loss in washing still or other equipment. 

(25) Loss in filter press cake from bleaching. 

While many of these points seem of minor importance, their total very 
often is significant and sometimes represents the difference between profit 
and loss in operating the glycerine plant. 

Effective control of these sources of loss requires more than a periodic 
check-up. The glycerine plant should be provided with weight tanks at 
the points where the heavier liquors and glycerine are handled, and with 
holding tanks for the measuring of the lighter liquors. All incoming and out¬ 
going glycerol bearing materials to and from the glycerine plant should be 
weighed, sampled and analyzed. A system of records should be set up to 
cover these movements of glycerine, not only in and out of the plant but 
during processing, that is from the lye to crude and from crude to refined. 
Only in this manner can figures be obtained for accounting which will repre¬ 
sent actual results and be of use in tracing losses. With even the best 
control, constant care must be exercised or the net recovery of glycerol 
will fall below the yield possible by good operating practice. 

In addition, there must be strict chemical control of incoming materials 
and supervision of standards of processing to insure quality of production. 
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5 . STANDARDS AND SPECIFICATIONS 

J. B. Segur 

The Miner Laboratories 

Glycerine of commerce may be classified as either crude or refined, and 
each of these classes has several grades. 

Crude glycerine is commonly produced in two grades: 

(1) Soap-lye crude is obtained by concentration of lyes from the soap 
kettle. This contains about 80 per cent of glycerol and 6 to 9 per cent of 
inorganic salt. 

(2) Saponification crude is obtained by concentration of the aqueous 
solution remaining after catalytic or autoclave hydrolysis of fats. It con¬ 
tains about 88 to 91 per cent of glycerol and 0.25 to 0.50 per cent of in¬ 
organic salt. 

Refined, or distilled, glycerine is made in several grades. The commer¬ 
cially recognized grades in the United States are: 

(1) U.S.P. glycerine meets the requirements of the “United States Phar¬ 
macopeia” and the name C.P. glycerine (chemically pure glycerine) is 
generally used for this product. U.S.P. glycerine is used for food and 
medicinal purposes and for technical purposes requiring glycerine of high 
purity. Glycerine of U.S.P. quality, but of 98 per cent concentration (sp. 
gr. 25/25°C, 1.2569), is also available. This concentration is required by the 
“British Pharmacopoeia.” 

(2) High gravity glycerine is a technical grade of glycerine of high con¬ 
centration containing not less than 98.7 per cent of glycerol as indicated 
by its specific gravity (not less than 1.2620 at 15.5/15.5°C) and is suitable 
for most industrial uses. 

(3) Dynamite glycerine is refined to meet the special requirements of the 
nitroglycerine and dynamite manufacturer. Federal Specification O-G-491 
may be used. However, manufacturers of explosives usually write their 
own specifications. Dynamite glycerine is of high concentration like the 
high gravity glycerine and is very similar to it in other respects. 

(4) Yellow distilled glycerine is refined and is suitable for uses which 
do not require the purity and high concentration of high gravity glycerine. 
Its required specific gravity is 1.2550 at 15.5/15.5°C, which is equivalent 
to 96 per cent of glycerol. 

The generally used specifications for glycerine are given in the following 
pages. Pharmacopeial specifications are revised from time to time so for 
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up-to-date information the latest edition of a pharmacopeia should be 
consulted. 

When the requirements of a user of glycerine are not met by the common 
specifications, purchase of glycerine may be made on the basis of specifica¬ 
tion mutually agreed upon by the buyer and seller or upon approval of a 
sample submitted by the seller. 

United States Pharmacopeia Specifications* 

for 

Glycerin 

Glycerinum 

Glycerol 

C,H,Oj CHiOH• CHOH*CHjOH Mol. wt. 92.09 

Glycerin contains not less than 95 per cent of CjH«Oj. 

Description. Glycerin is a clear, colorless, syrupy liquid, having a sweet taste. It 
has not more than a slight characteristic odor, which is neither harsh nor disagree¬ 
able. When exposed to moist air, it absorbs water. Its solutions are neutral to litmus 
paper. 

Solubility. Glycerin is miscible with water and with alcohol. It is insoluble in 
chloroform, in ether, and in fixed and volatile oils. 

Color. The color of glycerin, when viewed downward against a white surface in a 
50-cc Nessler tube, is not darker than the color of a standard made by diluting 0.40 cc 
of ferric chloride C.S. with water to make 50 cc in a Nessler tube of approximately 
the same diameter and color as that containing the glycerin. 

Specific gravity. The specific gravity of glycerin is not less than 1.249, indicating 
not less than 95 per cent of CjH»0|. 

' Identification. Heat in a test tube a few drops of glycerin with about 500 mg of 
potassium bisulfate: pungent vapors of acrolein are evolved. 

Residue on ignition. Heat 50 g of glycerin in an open, shallow, 100-cc porcelain dish 
until it ignites, and allow it to burn without further application of heat in a place 
free from drafts. Cool, moisten the residue with 0.5 cc of sulfuric acid, and ignite to 
constant weight: the weight of the residue does not exceed 5 mg (0.01 per cent). 

Chloride. To 10 cc of a solution of glycerin (1 in 10) add 5 drops of diluted nitric 
acid and 0.5 cc of silver nitrate T.S.: no turbidity is produced. 

Sulfate. To 10 cc of a solution of glycerin (1 in 10) add 3 drops of diluted hydro¬ 
chloric acid and 5 drops of barium chloride T.S.: no turbidity is produced. 

Arsenic. A 10-cc portion of a solution of glycerin (1 g in 10 cc) meets the require¬ 
ments of the test for Arsenic (2 parts per million). 

Heavy metals. Mix 4 cc (5 g) of glycerin with 2 cc of 0.1JV hydrochloric acid, and 
add water to make 25 cc: the heavy metals limit for glycerin is 5 parts per million. 

Readily carbonizable substances. Shake 5 cc of glycerin vigorously with 5 cc of 
sulfuric acid in a glass-stoppered, 25-cc cylinder for 1 minute, and allow the liquid 
to stand for 1 hour: the mixture is not darker than Matching fluid H. 

Chlorinated compounds. Weigh accurately 5 g of glycerin into a dry round-bottomed 
100-cc flask, connected by a ground joint to a suitable reflux condenser, add 15 cc 


• “Pharmacopeia of the United States,” pp. 262-263, XIV, 1950. 
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of morpholine, and reflux gently for 3 hours. Rinse the condenser with 10 cc of water, 
receiving the washing in the flask, and cautiously acidity with nitric acid. Transfer 
the solution to a suitable comparison tube, add 1 cc of 0.0SN silver nitrate, dilute 
with water to exactly 50 cc, and mix thoroughly: the turbidity is not greater than 
that produced in a blank to which 0.2 cc of 0.02AT hydrochloric acid has been added, 
but omitting the refluxing (30 parts per million of Cl). 

Acrolein , glucose, and ammonium compounds. A mixture of 5 cc of glycerin and 5 cc 
of a solution of potassium hydroxide (1 in 10) does not become yellow when kept for 
5 minutes at 60°, nor does it emit an odor of ammonia. 

Fatty acids and esters. Mix 40 cc (50 g) of glycerin with 50 cc of freshly boiled water 
and 5 cc of 0.5N sodium hydroxide, boil the mixture for 5 minutes, cool, and titrate 
the excess alkali with 0.5N hydrochloric acid, using phenolphthalein T.S. as the 
indicator. Perform a blank determination with the same reagents and in the same 
manner, and make any necessary correction: not less than 4 cc of 0.5N hydrochloric 
acid is required. 

Packaging and storage. Preserve glycerin in tight containers. 

The following solutions and tests are referred to in the above pharma- 
copeial monograph. 

Colorimetric Solutions (C.S.) 

Coballous Chloride Colorimetric Solution. Dissolve about 65 g of cobaltous chloride, 
CoCla-6HjO, in enough of a mixture of 25 cc of hydrochloric acid and 975 cc of water 
to make 1000 cc. Place exactly 5 cc of this solution in a 250-cc, glass-stoppered flask, 
add 5 cc of hydrogen peroxide solution and 15 cc of sodium hydroxide (1 in 5), boil 
for 10 minutes, cool, and add 2 g of potassium iodide and 20 cc of sulfuric acid (1 
in 4). When the precipitate has dissolved, titrate the liberated iodine with 0.1 N 
sodium thiosulfate. Each cc of 0.1 N sodium thiosulfate is equivalent to 23.80 mg 
of CoC1j-6HjO. Adjust the final volume of the solution by the addition of enough 
of the mixture of hydrochloric acid and water to make each cc contain 59.5 mg of 
CoCla-6HjO. 

Ferric Chloride Colorimetric Solution. Dissolve about 55 g of reagent ferric chloride 
in enough of a mixture of 25 cc of hydrochloric acid and 975 cc of water to make 1000 
cc. Measure exactly 10 cc of the solution into a glass-stoppered flask, add 15 cc of 
water, add 5 cc of hydrochloric acid and 4 g of potassium iodide, stopper the flask, 
and allow it to stand for 15 minutes in the dark. Dilute with 100 cc of water and 
titrate the liberated iodine with 0.1 N sodium thiosulfate, using starch as the in¬ 
dicator. Make a blank determination with the same quantities of the same reagents 
and in the same manner. Each cc of 0.1 N sodium thiosulfate is equivalent to 27.03 
mg of FeCla-6HjO. Adjust the final volume of the solution by the addition of enough 
of the mixture of hydrochloric acid and water to make each cc. contain 45.0 mg of 
FeClj-6HjO. 

Matching Fluid H. Mix 0.2 parts of cobaltous chloride C.S., 1.5 parts of ferric 
chloride C.S. and 3.3 parts of water. 

Test Solutions (T.S.) 

Barium Chloride T.S. (IN). Dissolve 12 g of barium chloride (BaCl,-2H 2 0) in 
sufficient water to make 100 cc. 

Lead Acetate T.S. (0.6N). Dissolve 9.5 g of clear, transparent crystals of lead 
acetate, in sufficient recently boiled distilled water to make 100 cc. Preserve in well- 
stoppered bottles. 
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Mercuric Bromide Test Paper. Cut stiff, heavy quantitative filter paper into strips 
2.5-mm in width and about 12-cm in length. Immerse these strips for 1 hour in al¬ 
coholic mercuric bromide (0.3AT). Remove from solution without touching that por¬ 
tion of the strip which is to be used for the stain. Allow to evaporate spontaneously 
while the strips are suspended from glass rods. Place them at once in a glass-stop¬ 
pered, wide mouthed bottle and protect from light. 

Phenolphthalein T.S. Dissolve 1 g of phenolphthalein in 100 cc of alcohol. 

Silver Nitrate T.S. 0.1 N solution. 

Stannous Chloride T.S., Acid. Dissolve 8 g of stannous chloride in 500 cc of rea¬ 
gent hydrochloric acid. This solution should be used within 3 months after the time 
of its preparation. Preserve in a glass-stoppered bottle. 

Reagents (Acids) 

Hydrochloric Acid. Cone., 35-38 per cent; dil., 10 per cent HC1. 

Nitric Acid. Cone., 69-71 per cent; dil., 10 per cent HNOj. 

Arsenic Test 

Reagents satisfactory for use in the arsenic test and in the preparation of the chemical 
for the test produce either no stain in a blank test or a stain which is scarcely perceptible. 

Temperatures are given in °C. 

Test Apparatus. Prepare a generator as follows (see the illustration): Select a 
generator bottle of about 50-cc capacity having a mouth about 2.5-cin in diameter, 
and provide a well-fitting rubber stopper suitable perforated. Through the perfora¬ 
tion insert a vertical exit tube about 12-cm in total length and 1-cm in diameter 
along the entire upper portion (for about 8 cm) and constricted at its lower extremity 
to a tube of about 4-cm in length and about 5-mm in diameter. The smaller portion 
of the tube should extend but slightly below the stopper. Place in the tube a pledget 
of purified cotton, 5-cm in length and extending downward from a point 3 cm below 
the top of the tube. Moisten the pledget of cotton in the generator exit tube uni¬ 
formly with a mixture of equal volumes of lead acetate T.S. and water. To remove 
the excess of lead acetate solution from the cotton and adhering droplets from the 
walls of the tube, apply gentle suction to the constricted end of the tube. In the 
upper end of this tube, insert through a tightly fitting, perforated rubber stopper a 
glass tube 12-cm in length, having an internal diameter of from 2.5 to 3 mm. Place 
a strip of mercuric bromide test paper in this tube, bending the upper end of the 
strip so that it will retain its position. This strip extends to within about 2 cm of 
the perforated rubber stopper and must not be placed in the tube until the test is to 
be made. This tube must be thoroughly cleaned and dried each time it is used. 

Standard Arsenic Test Solution. Dissolve 100 mg of arsenic trioxide which has been 
finely pulverized, dried over sulfuric acid and accurately weighed, in about 5 cc of a 
20 per cent solution of sodium hydroxide. Neutralize the solution with diluted sulfuric 
acid, and add 10 cc more of diluted sulfuric acid and sufficient recently boiled water 
to bring the volume of the solution to exactly 1000 cc at 25°. Accurately measure 10 cc 
of this solution, transfer it to a 1000 -cc flask, and add 10 cc of diluted sulfuric acid 
and sufficient recently boiled water to make exactly 1000 cc of solution at 2Si . Use 
this solution, which contains 1 microgram of arsenic trioxide in each cc (at 25) m 
preparing the standard stain. Keep this solution in a glass-stoppered bottle. Make 
fresh solutions when new standard stains are to be prepared. 

Preparation of the Chemical to be Tested. Add 1 cc of sulfuric acid to 5 cc of a solu¬ 
tion of the chemical substance (1 in 25), unless another quantity is directed in the 
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monograph. This acidulation is not necessary in the case of inorganic acids. Now, 
unless especially directed otherwise, add 10 cc of sulfurous acid. Evaporate the liquid 
in a small beaker, on a water bath, until it is free from sulfurous acid and has been 
reduced to about 2 cc in volume. Dilute this evaporated liquid to 5 cc with water. 
Substances subjected to special treatments directed in the monographs need not be 
further prepared for testing. 

Preparation of the Standard Stain. Place in the generator bottle 5 cc of potassium 
iodide T.S., 2 cc (accurately measured at 25°) of the standard arsenic T.S., 5 cc of 
acid stannous chloride T.S., and 28 cc of water. Now add 1.5 g of granulated reagent 
zinc (in No. 20 powder), and immediately insert the stopper containing the exit tubes 



Fioure 5-1. Arsenic test apparatus. 

prepared according to the description under Test Apparatus. Keep the generator 
bottle immersed in water at 25° during the period of the test. If the reaction is too 
violent, the stain will not take the form of a distinctive band, and the comparison 
of color intensity will be difficult After the test has continued for 1 hour, remove 
the mercuric bromide test paper and place it in a clean, dry tube for comparison. 
This stain represents 2 micrograms of arsenic trioxide. Since light, heat, and moisture 
cause the stain to fade rapidly, comparison should be made as soon as possible. The 
stained test papers may be preserved by dipping in hot, melted paraffin,or by keeping 
them over phosphorus peutoxide, protected from light. 

Testing the Chemical. Place in the generator bottle 5 cc of potassium iodide T.S., 
5 cc of the solution to be tested for arsenic, and add 5 cc of acid stannous chloride T.S. 
bet the apparatus aside at room temperature for a period of 10 minutes, then add 
25 cc of water and 1.5 g of granulated reagent zinc (in No. 20 powder), and immedi- 
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ately insert the stopper with exit tubes as previously described under Preparation 
of the Standard Stain. Keep the generator bottle immersed in water at 25° during 
the period of the test. When the evolution of hydrogen has proceeded actively for 
1 hour, remove the mercuric bromide test paper, and carefully compare the stain 
upon it with the standard stain prepared as previously described. 

Arsenic Limit. The stain produced by the chemical tested does not exceed in 
length or intensity of color that prepared as the standard, indicating not more than 
10 parts of arsenic trioxide per million parts of the substance being tested. 

Interfering Chemicals. Antimony, if present in the substance being tested, will 
produce a gray stain. Sulfites, sulfides, thiosulfates, and other compounds which lib¬ 
erate hydrogen sulfide or sulfur dioxide when treated with sulfuric acid must be 
oxidized by means of nitric acid and then reduced by means of sulfur dioxide us 
directed under Preparation of the Chemical to be Tested before they are placed in the 
apparatus. Certain sulfur compounds, as well as hydrogen phosphide, give n bright 
yellow band on the test paper. If sulfur compounds are present, a darkening of the 
purified cotton, previously moistened with lead acetate T.S., will occur. If such is 
the case, the operation as directed under Preparation of the Chemical to be Tested 
must be repeated upon a fresh portion of the solution being tested and greater care 
must be used in effecting the complete removal of the sulfurous ucid. The stain pro¬ 
duced by hydrogen phosphide is differentiated from that given by arsine by moisten¬ 
ing it with ammonia T.S. A stain caused by arsine will become dark when so treated, 
but a stain produced by hydrogen phosphide will not materially change in color. 
The test apparatus must be thoroughly cleaned and dried immediately before and 
after use. 

Heavy Metals Test 

The heavy metals test is designed to determine the content of those metallic im¬ 
purities in official substances that are colored by hydrogen sulfide under the condi¬ 
tions of the test. In chemicals the proportion of any such impurity is expressed as the 
quantity of lead required to produce a color of equal depth in a standard comparison 
solution, this quantity being stated as the Heavy Metals Limit expressed as parts 
of lead per million parts of the substance (by weight). 

Reagents 

Diluted Acetic Acid IN. 60.0 cc of glacial acetic acid in water to make 1000 cc. 

Hydrochloric Acid. Sp. gr. 1.18, 35-38 per cent HC1. 

Ammonia T.S. Not less than 9.5 nor more than 10.5 per cent of NH«. 

Hydrogen Sulfide T.S. A saturated aqueous solution of HjS. 

Stock Solution of Lead Nitrate. Dissolve 159.8 mg of lead nitrate in 100 cc of water 
to which has been added 1 cc of nitric acid, then diluted to 1000 cc with water. This 
solution must be prepared and stored in glass containers free from soluble lead salts. 

Standard Lead Solution. Dilute 10 cc of the stock solution of lead nitrate, accurately 
measured, to 100 cc with water. This solution must be freshly prepared. Each cc of 
this standard lead solution contains the equivalent of 0.01 mg of lead. When 0.1 cc of 
standard lead solution is employed to prepare the standard to be compared with a 
solution of 1 g of the substance being tested, the comparison solution thus prepared 
contains the equivalent of 1 part of lead per million parts of the substance tested. 

British Pharmacopeia, 1948 

The specifications for glycerine are in general similar to those of the 
“United States Pharmacopeia.” The principal difference is that the required 
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concentration of glycerol is from 98 to 100 per cent, with corresponding 
differences in the physical constants; n 2 D ° 1.4696 to 1.4726 and d 20 1.255 
to 1.260. The limit for arsenic is 4 parts per million as As 2 0 3 , for lead is 1 
part per million and for ash is 0.01 per cent. Copper must be absent and 
iron may show only a trace by qualitative tests. There are qualitative 
tests to show the substantial absence of acrolein, glucose, certain reducing 
substances and fatty acids. 

Federal Specifications for Glycerine 

The essential parts of the Federal (United States) Specifications for 
glycerine are given below. 

Federal Specifications* 

for 

Glycerin (Glycerol) 

A. Applicable Federal Specifications 

A-l. There are no Federal specifications applicable to this specification. 

A-2. Any special requirements of the individual departments of the Government 
are noted under section H. 

B. Grades 

B-l. Glycerine shall be of the following grades, as specified: 

Grade A. "U.S.P.” 

Grade B. "High-gravity” ("Dynamite glycerine”). 

Grade C. "Yellow distilled.” 

C. Material 

C-l. Shall be as specified hereinafter for each grade. 

D. General Requirements 
D-l. Sec section E. 


E. Detail Requirements 

E-l. Grade A. “U.S.P.” glycerine shall conform to the requirements of the latest 
revision of the United Stated Pharmacopoeia for glycerine. 

E-2. Grade B. "High-gravity” glycerine ("Dynamite glycerine”). 

E-2a. Appearance. Shall be clear and free from suspended matter. 

E-2b. Color. Maximum limit shall not be greater than a combination of No 80 
yellow Lovibond glass and No. 20 red Lovibond glass on a 5^-inch column of the 
glycerine. 


Federal Standard Stock Catalog O-G-491, Section IV, Part 5 (Feb. 3, 1931). 
at , COm f p, t ? te s P ec,fi cation as published by the government also includes Section F 
Methods of Sampling, Inspection, and Tests; Section G, Packaging Packing and 

rio a n k T m N ? eCt p n H ’ Re f qu k ,rements A PPbcable to Individual Departments; and Sec- 

frnm^h^ 8 ' ° f th /sP ec,fication ( 7 P*ges) may be purchased for five cents 

from the Superintendent of Documents, Washington, D. C. 
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E-2c. Odor. Shall be slight and characteristic of the grade of glycerine specified. 

If desired, shall conform to the odor of a sample mutually agreed upon by buyer and 
seller. 

E-2d. Specific gravity. Shall be not less than 1.2620 at 15.5/15.5°C. 

E-2e. Acidity or alkalinity. When 50 ml. of the glycerine is mixed with 100 ml. of 
distilled, carbon dioxide-free water and about 0.5 ml. of phcnolphthalein indicator, 
the solution shall not require more than 0.30 ml. of normal hydrochloric acid solution 
or more than 0.30 ml. of normal sodium hydroxide solution for neutralization. 

E-2f. Ash. Shall not exceed 0.10 per cent. 

E-2g. Chlorides, calculated as chlorine. Shall not exceed 0.01 per cent when deter¬ 
mined volumctrically in an aqueous solution of the residue left in the determination 
of the ash content. 

E-3. Grade C. “Yellow-distilled” glycerine. 

E-3a. Appearance. Shall be clear and free from suspended mutter. 

E-3b. Color. Maximum limit shall not l»c greater thn a combination of No. 80 
yellow Lovibond glass and No. 20 red Lovibond glass on a 5J^-ineh column of the 
glycerine. 

E-3c. Odor. Shall not be disagreeable. If desired, shall conform to the odor of a 
sample mutually agreed upon by buyer and seller. 

E-3d. Specific gravity. Shall be not less than 1.2550 at 15.5/15.5°C. 

E-3e. Acidity or alkalinity. When 50 ml. of the glycerine is mixed with 100 ml. of 
distilled, carbon dioxide-free water and about 0.5 ml. of phcnolphthalein indicator, 
the solution shall not require more than 0.30 ml. of normal hydrochloric acid solution 
or more than 0.30 ml. of normal sodium hydroxide solution for neutralization. 

E-3f. Ash. Shall not exceed 0.02 per cent. 

E-3g. Chlorides, calculated as chlorine. Shall not exceed 0.01 per cent when deter¬ 
mined volumetrically in an aqueous solution of the residue left in the determination 
of the ash content. 

American Chemical Society Specifications* 

for 

Reagent Grade Glycerol 

Requirements 

Assay. Not less than 95 per cent by volume. 

Color. To pass test. 

Residue after ignition. Not more than 0.005 per cent. 

Neutrality. To pass test. 

Chloride {Cl). Not more than 0.001 per cent. 

Sulfate (SO<). To pass test (limit about 0.002 per cent). 

Fatly Acid Esters. To pass test (limit about 0.07 per cent as glycerol butyrate). 

Silver-reducing Substances. To pass test. 

Substances Darkened by Sulfuric Acid. To pass test. 

Heavy Metals {as Pb). Not more than 0.0005 per cent. 

Tests 

Assay. The specific gravity at 25/25°C determined with a pycnometer should not 
be less than 1.249._ _ ___ 

• Murphy, Walter J., Editor, “ReagentChemicals,” pp. 162-163. Washington, D. C., 
American Chemical Society, 1950. 
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Color. The color of a 50-ml sample in a 50-ml Nessler tube when viewed downward 
against a white background should not exceed the color of a standard made by dilut¬ 
ing 0.3 ml of ferric chloride color solution to 50 ml in a matching Nessler tube. 

Residue after Ignition. Heat 20 g in an open dish, ignite the vapors, and when the 
glycerol has been entirely consumed ignite at a low red heat. The weight of the 
residue should not exceed 0.0010 g. 

Neutrality. A 10 per cent aqueous solution of glycerol should not affect the color of 
either red or blue litmus paper in 1 minute. 

Chloride. Dilute 1 g to 20 ml with water, and add 1 ml of nitric acid and 1 ml of silver 
nitrate reagent solution. Any turbidity should not exceed that produced by 0.01 mg 
of chloride ion in an equal volume of solution containing the quantities of reagents 
used in the test. 

Sulfate. Dilute 5 g with 25 ml of water, and add 1 ml of 0.\N hydrochloric acid and 
2 ml of barium chloride reagent solution. Any turbidity should not exceed that pro¬ 
duced by 0.10 mg of sulfate (SO«) in an equal volume of solution containing the quan¬ 
tities of reagents used in the test, comparison being made after sample and standard 
have stood for 20 minutes. 

Fatly Acid Esters. To 40 g in a 250-ml Erlenmeyer flask add 50 ml of hot freshly 
boiled water. Add 10.0 ml of 0.1W sodium hydroxide, cover with a loosely fitting pear- 
shaped bulb, and digest on the steam bath for 45 minutes. Cool and titrate the excess 
alkali with 0.1N hydrochloric acid, using 3 drops of bromothymol blue solution ns 
indicator and titrating to a bluish-green end point. Run a blank with 50 ml of the 
same water and 10.0 ml of the 0.1A' sodium hydroxide solution, heating for the same 
length of time and titrating to the same end point. The difference between the vol¬ 
umes of acid used in titration of the blank and of the sample should be less than 
3.00 ml. 

Silver-r educing Substances. Mix 5 ml with 5 ml of 10 per cent ammonium hydroxide, 
heat to 60°C, add 0.5 ml of silver nitrate reagent solution, and allow to stand in the 
dark for 5 minutes in a jar of water at 60°C. The color produced should be less than 
the color produced upon the addition of 5 ml of hydrogen sulfide water to 5 ml of 10 
per cent ammonium hydroxide containing 0.02 mg of lead. 

Substances Darkened by Sulfuric Acid. Vigorously shake 5 ml of glycerol with 5 
ml of sulfuric acid m a glass-stoppered 25-ml cylinder for 1 minute and allow the 
bquid to stand for 1 hour. The liquid should not be darker than a standard made up 
of 0.4 ml of cobaltous chloride color solution, 3.0 ml of ferric chloride color solution 
and 6.6 ml. of distilled water (see note for preparation of color solutions). 

Hmvy Metals. Dilute 5 ml (6 g) to 42 ml with water. To a 7-ml portion add 0.02 
mg of ead and 1 ml of IN acetic acid and dilute to 40ml. To the remaining portion add 
1 ml of 1* acet.c acid and dilute to 40 ml. Add 10 ml of hydrogen sulfide water to each 
and mix. The color in the sample solution should not exceed that in the control. 

Test Solutions 


of Dissolve ferric ch,oride in a mixture of 25 volumes 

clnln &Cl A V0 UmCS 0f Wa,er and adjust the stren «th so that the iron 

content corresponds to 45.0 mg of FeCl,-6H,0 per ml. 

vnh^J!Z\ Ch A° ri i e y C ° l0r S ? lulion ■ Disso,ve cobaltous chloride in a mixture of 25 

CTh. ,! U ° C ^ T and , 975 V ° IUmeS ° f Water and ad i usl the length so 
that the cobalt content corresponds to 59.5 mg of CoCl,-6H,0 per ml. 

Water. Use distilled water. 

Siher Nitrate Reagent Solution. Approx. 0.1N AgNO,. 
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Barium Chloride Reagent Solution. Dissolve 120 g of BaClj 2HiO in water and make 
up to 1 liter. 

Hydrogen Sulfide Water. Use a freshly prepared saturated solution of H,S. 

Standard Lead Solution. (See the U.S.P. lead solution on page 160.) 

British Standard Specifications* 

for 

Soap Lye and Saponification Crude Glycerines 

Soap Lye Crude Glycerine 

Analysis to be made in accordance with the International Standard 
Methods (I.S.M., 1911) 

Glycerol. The standard shall be 80 per cent glycerol. Any crude glycerine tendered 
which tests 81 per cent glycerol or over, shall be paid for at a pro rata increase, cal¬ 
culated as from the standard of 80 per cent. Any crude glycerine which tests under 
80 percent, but is78 per cent or over, shall be subject to a reduction of 1V3 times the 
shortage, calculated at pro rata price as from 80 per cent. If the test falls below 78 per 
cent the buyer shall have the right of rejection. 

Ash. The standard shall be 10 per cent. In the event of the percentage of Ash 
exceeding 10 per cent but not exceeding 10.5 per cent, a percentage deduction shall 
be made for the excess calculated as from 10 per cent at contract price, and if the per¬ 
centage of Ash exceeds 10.5 per cent an additional percentage deduction shall be made 
equal to double the amount in excess of 10.5 per cent. If the amount of Ash exceeds 
11 per cent, the buyer shall have the right to reject the parcel. 

Organic Residue. The standard shall be 3 per cent. A percentage deduction shall 
be made of three times the amount in excess of the standard of 3.0 per cent calculated 
at contract price. The buyer shall have the right to reject any parcel which tests 
over 3.75 per cent. 

Saponification Crude Glycerine 

Analysis to be made in accordance with the International Standard 
Methods (I.S.M., 1911) 

Glycerol. The standard shall be 88 per cent. Any crude glycerine tendered which 
tests 89 per cent or over, shall be paid for at a pro rata increase, calculated as from the 
standard of 88 per cent. Any crude glycerine which tests under 88 per cent, but is 
86 per cent or over, shall be subject to a reduction of times the short age, calculated 
at pro rata price as from 88 per cent. If the test falls below 86 per cent, the buyer shall 
have the right of rejection. 

Ash. The standard shall be 0.5 per cent. In the event of the percentage of Ash ex¬ 
ceeding 0.5 per cent a percentage deduction shall be made equal to double the amount 
in excess of the standard of 0.5 per cent, calculated at contract price. If the amount 
of Ash exceeds 2.0 per cent the buyer shall have the right to reject the parcel. 

Organic Residue. The standard shall be 1 per cent. A percentage deduction shall 
be made of twice the amount in excess of the standard of 1 per cent calculated at 
contract price. The buyer shall have the right to reject any parcel which tests over 
2 per cent. _ 


• Amended, April 1913. 
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Typical British Specifications* 

for 

Refined Glycerine 

Dynamite Glycerine 

Description. The material shall be a clear, almost colorless syrupy liquid, con¬ 
sisting essentially of glycerol. 

Reaction. The material shall be neutral to litmus. 

Odor. The material shall emit no acrid odor on heating to 100°C. 

Glycerol. The material shall contain not less than 98.5 per cent of glycerol, when 
determined by the acetin method described on pages 9 to 11 of the “International 
Standard Method 1911" for crude glycerine. 

Specific Gravity. The specific gravity of the material at 15.5/15.5°C shall be not 
less than 1.262. 

Moisture. The moisture content of the material when determined by the method 
described on page 8 of the “International Standard Met hod 191 1 ”f for crude glycerine 
shall not exceed 1.5 per cent. 

Chloride. The material shall contain not more than 0.01 per cent of chloride cal¬ 
culated as sodium chloride (NaCl). 

Ash. The material on incineration and gentle ignition shall yield not more than 
0.05 per cent of ash. 

Ammoniacal Silver Nitrate Test. 10 ml of a solution prepared by diluting 10 ml of 
the material to 100 ml with water is not to show a greater turbidity than that given 
by 10 ml of a freshly prepared aqueous solution containing 0.0005 g of pure anhydrous 
dextrose (A.It.) when tested in the following way. 

10 ml of the sample solution is mixed with 10 ml of 10 per cent solution of ammonia, 
10 ml of 10 per cent solution of silver nitrate is added and the whole mixed. The stand¬ 
ard solution is prepared by diluting 0.5 ml of 0.1 per cent aqueous solution of dextrose 
to 10 ml with water and addition of ammonia and silver nitrate solution as above. 
The solutions are heated to 60°C in a water bath maintained at 62/65°C and on reach¬ 
ing that temperature the tubes immersed in the bath, are kept in the dark for 10 min¬ 
utes. At the end of this time the turbidities are compared in normal daylight against 
a black glazed paper. 

Saponification Equivalent. The saponification equivalent of the material shall 
not exceed 0.1 per cent of sodium oxide (Na,0) when determined as follows: 

100 g of the material are weighed into a flask, 4 ml of N/\ sodium hydroxide solution 
and 200 ml of boiling water free from carbon dioxide are added, the flask is tightlv 
corked placed on top of a boiling water oven for one hour, cooled and the excess 
alkali titrated with N/\ hydrochloric acid, phenolphthalein being used as indicator. 

1 ml N/ 1 NaOH - 0.031 g Na,0 

Chemically Pure Glycerin 


Unless specially diluted to meet the buyer's retirements, chemically pure glyc- 
enne is sold in the United Kingdom under Warranty to meet the specification of the 

a. r S Ph ^T« C ,° P i e oao 19 ' 18 ' the glvcero1 con,en ' is 98 p pr cent and the weight per ml. 
at zu v_/ is I.zoo to 1 . 2 o 0 g. 

* These specifications were received from the United Kingdom Glycerine Pro- 
uucers Association, Ltd. 


Aolc Me e rH n p i0 S n ^ f m ° i3,Ure b) ' the Karl FiScl,er me,hod “ s giveI ‘ »> the 
A.U.A.U Method La 8-50 is more accurate. (See page 194). 
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Pale Straw Industrial Glycerine 

This grade of glycerine is sold at a number of different strengths, but the most 
common is 98 per cent, the specific gravity 15.5/15.5°C being 1.260. Other typical 
characteristics are as follows: 

Color. (Total, red and yellow, in 2 inch cell) 1.0-2.5 Lovibond units. 

Chlorides. 0.01 to 0.025 per cent. 

Ash. 0.025 to 0.05 per cent. 

Industrial White Glycerine 

This is a grade of glycerine intermediate in quality between pale straw industrial 
and chemically pure. The strength is 98 per cent, and the specific gravity 15.5/15.5°C 
is 1.260. Other typical characteristics nre as follows: 

Color. (Total, red and yellow, in 12 inch cell) 1.0-2.0 Lovibond units. 

Chlorides. Not greater than 0.005 per cent. 

Ash. Not greater than 0.01 per cent. 


Nobf.l Specifications fob Dynamite Glycerine 

Nobel Explosives Company, Ltd. 
Specification 21D. Nov. 1, 1912 



Min. 

Max. 

Specific gravity 15.5/15.5°C. 

1.2620 

— 

% Glycerol (by gravity). 

98.72 

— 

% Glycerol (by acetylizable). 

98.5 

— 

Odor.] 

— 

Not unpleasant at 100’ 

Color, Lovibond— 5^*. 

Moisture (International Standard 

— 

4.5 R, 35 Y (Light color specified) 

Method). 

— 

15% 

Chlorides as NaCl. 

— 

0.01% (0.006% as Cl) 

Reducing substances.. 


Pass the test* 

Saponification equivalent. 

— 

0.1% as NajO (3.2 ml N/2 NaOH per 
100 g sample) 

Ash. 

— 

0.05% 


* Test for Reducing Substances. Transfer 10 ml of glycerine to a test tube; add 
10 ml of 10 per cent ammonium hydroxide solution and 10 ml of 10 per cent silver 
nitrate solution. Mix, warm to 60°C and allow to stand 10 minutes in the dark. There 
is no appreciable darkening of color with glycerine meeting the test. 

Specifications for Dynamite Glycerine 
E. I. du Pont de Nemours <fc Co. 

The specifications used by the du Pont Company are practically identical with the 
Federal Specification O-G-491 except that there is no specification for color, and the 
requirement for specific gravity is not less than 1.2620 at 15.6/15.6°C instead of at 
15.5/15.5°C. 










ANALYSIS 

J. B. Segur 

The Miner Laboratories 

The analysis of glycerol pertains not only to the determination of purity 
or concentration of glycerol samples but also to the separation, identifica¬ 
tion and estimation of glycerol in mixtures. The choice of an analytical 
method is often determined by the kind and amount of materials associ¬ 
ated with the glycerol. 

Purification of the Sample 

Commercial distilled grades of glycerol do not require purification before 
analysis by the usual methods. Purification of crude glycerol is incorporated 
in the procedures for the appropriate methods of analysis. However, the 
detection and estimation of glycerol in mixtures often present problems 
of separation and purification. The most useful separation methods com¬ 
prise distillation and solvent extraction. 

Distillation in vacuo or in vacuo with steam will frequently serve to 
separate glycerol both from low-boiling and from nonvolatile materials. 
Distillation in vacuo can be accomplished in a simple flask with a condenser 
and receiver. The flask should be heated with an oil bath or any other 
means that will heat the entire body of the flask so that distillation will be 
rapid and local overheating avoided. The addition of steam to the distil¬ 
lation will hasten it, increase the glycerol recovery and reduce the loss of 
glycerol by decomposition. A suitable apparatus for a steam-vacuum dis¬ 
tillation is shown in Figure 6-1. Distillation should be at as low a pressure 
as is practicable. A pressure of 5 mm is satisfactory, and even 20 mm may 
be used. In the ordinary laboratory apparatus, the use of superheated 
steam (which has been recommended 26 • ““) has not been found effective. 
The superheat is easily lost between the superheater and the still; in ad¬ 
dition to which, even if adequate insulation is provided, the amount of 
heat that can be carried by a small stream of low-pressure steam is small. • 
The smoothest operation is attained by generating the steam at the pres¬ 
sure of distillation and leading it directly into the still. The body of the 
still should be completely immersed in the oil bath which is heated 20 to 
30°C above the boiling point of glycerol. Glycerol vapors from the still are 
condensed in the hot receiver. Steam and low-boiling impurities pass 
through this and are collected in the cold receiver. In this way a compara¬ 
tively pure and concentrated glycerol fraction is obtained. If a mechanical 
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pump is used to evacuate the system, it should be protected from water 
vapor by a dry ice condenser. If the glycerol is mixed with a large portion 
of nonvolatile material, it is advisable to spread it upon an inert surface 
such as asbestos fiber or glass wool. 



Fioure 6-1. Steam-vacuum distillation apparatus. 

S - Steam generator 

D - Distillation flask with Vigreux column. Lagging on column not shown. 

O - Oil bath 
M - Manometer 

HR - Hot receiver kept at 70°C. 

HC - Hot condenser kept at 70°C. 

W - Water bath kept at 70° and copper coil to heat water going into the hot con¬ 
denser. 

CC - Cold condenser 
CR - Cold receiver 
T - Dry ice trap 

A similar procedure for distillation, which uses a special brass still has 
been described by Lawrie 48 *. 

Glycerol may also be distilled in vacuo with superheated alcohol vapor. 
The use of alcohol instead of water is advantageous because it is more eas¬ 
ily removed from the distilled glycerol. Such a process, suitable for small 
quantities of glycerol, has been described by Raveux 78b . The apparatus is 
shown in Figure 6-2. A is a 700-ml distilling flask surmounted by a reflux 
condenser which is open to the air. The side-arm of the flask is connected to 
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a bent glass tube with a short piece of rubber tube. A screw clamp P, on the 
rubber tube serves to control the flow of alcohol vapor. The bent tube 
enters the rubber stopper, E, and is thus connected to the glass extract.on 



Figure 6-2. Apparatus for the extraction of glycerol by alcohol vapor. A, alcohol 
vapor generator. B, extraction tube with heating coil. C, condenser. D, receiver for 
distillate. E, opening to extraction cell. P, screw clamp. 


tube, B. The extraction tube is 2.5-cm in diameter and 18-em long- It is 
surrounded by an electrically heated glass jacket which is filled with glyc¬ 
erol or other high-boiling liquid. A thermometer dips into this liquid. The 
heat is regulated by a rheostat. The outlet of the extraction tube enters an 
efficient condenser. The condensate is collected in the receiver, D. Con¬ 
nection to a manometer and vacuum pump is made from the receiver. 
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To operate the apparatus, place 0.5 cc of 36°B6 (ca. 30 per cent) sodium 
hydroxide solution in the receiver, D. This will later prevent loss of glycerol 
when the distillate is being concentrated. The sample, containing not over 
25 mg of glycerol, is absorbed on H to 1 g of asbestos fiber and introduced 
into the extraction tube. Alcohol of 96 per cent concentration is put in 
the distilling flask, A. The clamp, P, is closed and the system evacuated to 
10 to 13 mm. Heat is applied to the extraction tube. As it is warmed, water 
evaporates from the sample. The alcohol in A is boiled so that it contin¬ 
uously refluxes. When the temperature of the extraction tube reaches 125°C, 
the clamp, P, is opened enough to let in alcohol vapor and maintain a pres¬ 
sure of 12 to 14 mm. The temperature is kept at 125°C. Complete extrac¬ 
tion of the glycerol can be accomplished in one hour, in which time about 
150 cc of alcohol will be distilled. 

To free the distillate from alcohol, 20 cc of water are added and the 
solution distilled through a 25 cm Vigreux column until there is about 
20 cc of residue left. Twenty cc of water are again added and the solution 
distilled until about 20 cc remains. The residue is then transferred to an 
evaporating dish and concentrated to 4 or 5 cc on a water bath. The pre¬ 
viously added sodium hydroxide prevents evaporation of the glycerol 
during the distillation and concentration of the sample. The removal of 
alcohol is complete and error does not exceed one per cent. The sample 
may now be diluted to a known volume and aliquots taken for analysis. 

These methods of distillation are applicable to crude glycerol, fermenta¬ 
tion residues and extracts of cosmetics, foods, tobacco, polishes, etc. It is 
always desirable to have the glycerol as concentrated and as free of im¬ 
purities as is practicable. In particular, substances such as oils or solvents, 
which will distill with the glycerol and substances such as proteins, sugars 
and vegetable matter which will decompose should be removed. 

Glycerol may often be extracted from mixtures with solvents such as 
water, alcohol or acetone. The choice of solvent is determined by the nature 
of the sample. Water and methyl or ethyl alcohols are excellent solvents for 
glycerol, but will also dissolve many compounds such as sugars and salts. 
Acetone will dissolve a small portion of glycerol but will dissolve very 
little of the salts and sugars. Extraction with acetone is best done in a 
Soxhlet or other continuous extractor. Addition of anhydrous sodium sul¬ 
fate to the sample being extracted with acetone will absorb any water 
present and so minimize contamination of the glycerol with water-soluble 
impurities. A mixture of equal volumes of absolute alcohol and anhydrous 
ether is also useful for separating glycerol from water-soluble substances 
such as salt and sugar. A mixture of two volumes of absolute alcohol and 
one volume of chloroform is even more effective than the alcohol-ether 
mixture. Further purification of the glycerol is sometimes accomplished 
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by adding water to the alcohol-ether or alcohol-chloroform extract. The 
glycerol is carried into the water layer, and certain impurities will remain 
in the ether or chloroform. 

Glycerol can be removed from nonvolatile matter, and mixtures of 
polyhydric alcohols can be separated by distillation with the proper high- 
boiling solvent. These separations are approximately quantitative, the 
efficiency depending upon the relative vapor pressures of the substances. 
For example, toluene will remove ethylene glycol from glycerol; cyclo¬ 
hexane will separate trimethylene glycol, ethylene glycol and propylene 
glycol from diethylene glycol and glycerol; decalin will remove glycerol 
and water from creams 48 * w * “• 62 . 

Glycerol obtained in solution may be concentrated by evaporation of 
the solvents at moderate temperature, i.e., below 100°C. If the recovery 
of glycerol is to be quantitative, the temperature should not be above 
80°C. Concentration can also be conveniently done by heating to 60°C 
in a vacuum oven. 

Proteins and other complex organic substances may be precipitated with 
basic lead acetate, the excess of lead then being removed in the usual ways, 
as with hydrogen sulfide, potassium oxalate or sodium carbonate. Other 
precipitants suitable to the impurities may be used. For example, the 
careful use of a limited quantity of lime will sufficiently purify glycerol 
from fermentation residues so that it can be analyzed by periodate oxida¬ 
tion 22 . Preliminary defecation with lead or silver salts is unnecessary in 
this instance. 

Qualitative Tests 

The most characteristic test for the identification of glycerol is the for¬ 
mation of acrolein, which is identified by its penetrating and very irritating 
odor. The test is best performed by mixing 1 or 2 drops of the test solution 
with 1 g of powdered KHS0 4 , as dehydrating agent, in a dry 6-inch test 
tube and heating strongly. With a little practice, acrolein can be readily 
identified and distinguished from any confusing odor, such as that of sulfur 
dioxide. Glycols also give odorous substances but they do not mask the 
acrolein. If desired, the test tube can be fitted with a glass deliver}' tube 
which is arranged to dip into 2 ml of cooled distilled water contained in a 
second test tube. Glycerol is identified by the acrolein odor of the distillate. 
Alternate methods of acrolein identification are a positive reaction of the 
distillate with Schiff's reagent or a positive silver mirror test when the 
products of the distillation are led into an ammoniacal solution of silver 
nitrate. 

A considerable number of qualitative tests for glycerol have been re¬ 
ported in the literature, some of which are given below. Because some 
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substances, particularly polyhydric alcohols, may interfere with a test, 
the sample being tested should be purified as much jis possible. It is always 
advisable to make a control test with known glycerol. 

Denig^s 20 developed a series of color tests for glycerol in which the glyc¬ 
erol is oxidized with bromine-water to dihydroxyacetone and eventually 
dehydrated to methyl glyoxal with H£0« in the presence of certain al¬ 
kaloids and phenols to give characteristic colored solutions. Other poly¬ 
hydric alcohols will give interfering color reactions. Samples containing 
from 0.08 to 0.10 g of glycerol are mixed with 10 ml of saturated bromine- 
water and heated in a boiling water bath for 20 minutes. When the bromine 
vapors have distilled out and the solution cooled, color tests are made as 
follows: (1) 0.1 ml of an alcoholic solution of codeine (1:20), 0.2 ml H 2 0, 
0.2 ml of the test solution and 2 ml of HjSOi (sp gr 1.84) are heated in a 
boiling water bath for 2 minutes. A bluish-green color results with a strong 
absorption band in the red; (2) 0.1 ml of an alcoholic solution of resorcinol 
(1:20), 0.4 ml of the test solution and 2 ml of concentrated H£0« at room 
temperature develop a blood-red color with absorption bands in the blue 
and yellow; (3) similarly, 0.1 ml of a 12 per cent solution of 0-naphthol 
gives an emerald-green color, a fluorescence and 2 absorption bands in the 
blue and 1 in the red. Denigfes described numerous other tests. Arrequine 6 
describes a specific color test for glycerol in which concentrated H£Q< 
and a 1 per cent alcoholic solution of veratrole are added to a solution of 
dihydroxyacetone obtained by the Denigfes method. An intense indigo- 
blue ring forms instantly at the zone of separation. 

The periodate oxidation has been applied by Orchin 61 to the qualitative 
identification of glycerol, in the presence of ethylene glycol, propylene glycol 
and diethylene glycol as follows: To about 5 ml of the solution to be tested 
add 1 drop of methyl red indicator solution and adjust the sample to very 
slight alkalinity. Take about 5 ml of periodic acid solution (II g of periodic 
acid, H 6 IO$, in 1 liter of water) and adjust to methyl red neutrality. Mix 
the sample and the periodic acid solution. Glycerol is oxidized to formal¬ 
dehyde and formic acid. If glycerol is present, the indicator will be turned 
red immediately. Bromcresol purple can also be used as the indicator. 
Glycols do not produce formic acid but polyhydric compounds with three 
or more hydroxyl groups on vicinal carbons, such as the hexatols and sugars, 
will produce both formaldehyde and formic acid. If glycerol is absent and 
formaldehyde is found (phloroglucinol test), the presence of ethylene glycol 
or propylene glycol is indicated. If acetaldhyde is found (iodoform test), 
propylene glycol is indicated. If neither formic acid nor acetaldehyde is 
present but formaldehyde is found, ethylene glycol is present. Diethylene 
glycol is not oxidized by periodic acid but may be identified by the forma¬ 
tion of a derivative, e.g., the 3,5-dinitrobenzoate, m.p. 150.5-151.5°C 

COIT. 
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Hovey and Hodgins 39 have developed a method for the detection of 
glycerol in the presence of ethylene glycol. Three ml of the solution to be 
tested is mixed with 3 ml of a freshly prepared 10 per cent aqueous solution 
of catechol and 6 ml of concentrated H2S0 4 , in that order. The mixture is 
heated gently for 30 seconds. If glycerol is present, a blood-orange colored 
solution will appear at 140 to 145°C. The test can also be used to detect 
other polyhydric alcohols which give characteristic colors. Acrolein pro¬ 
duces a flocculent purple precipitate and obscures the glycerol color. 
Kolthoff 41 developed a color test for glycerol which is positive for a con¬ 
centration as low as 0.04 per cent. It is based on the reaction of formalde¬ 
hyde with Schiff’s reagent to give a colored solution. Five ml of sample is 
oxidized by mixing with 1.5 to 2.0 ml of 4N H 3 P0 4 and 2 ml of 3 per cent 
KMn0 4 , allowed to stand 10 minutes, mixed with 1 ml of 10 percent oxalic 
acid solution, allowed to stand until light brown in color (1 to 2 minutes), 
and then mixed with 1 ml of dilute II*S0 4 and 5 ml of Schiff’s reagent. A 
positive test is the development of a reddish-violet color in 10 minutes. 
Any substance in the solution besides glycerol which can be oxidized to 
formaldehyde during the above treatment will render the test valueless. 
Common organic acids do not interfere. Thomas and Micsa 86 treated multi¬ 
valent alcohols oxidized with bromine-water with /3-naphthol-3,6-disulfonic 
acid (1 part per 300 parts of concentrated H*S0 4 ). Glycerol gives a green¬ 
ish-blue color surmounted by a yellow ring. Glycerol can be converted to 
methyl glyoxal by heating a few drops to 180 to 200°C with 0.3 to 0.5 g 
yellow vanadic anhydride 88 . The residue is taken up with a few ml of boil¬ 
ing water and filtered. A few drops of the filtrate are added to a mixture 
of about 1 mg of phloroglucinol in 3 to 4 ml of H*S0 4 , which has been heated 
gently and shaken. If methyl glyoxal is present, colors ranging from yellow 
to red-orange are produced. Other polyhydroxy compounds interfere with 
the test. 

Dehydration of glycerol to acrolein by means of sulfuric acid and con¬ 
densation of the acrolein with 2,7-naphthalenediol will detect as little 
as 1.5 micrograms of glycerol in dilute solution. The reagent is a 1 per cent 
solution of 2,7-naphthalenediol in concentrated sulfuric acid. To 2 ml of 
this reagent, add 1 to 2 drops of the solution to be tested and heat for 20 
to 25 minutes in a steam bath. If glycerol is present a yellow to reddish- 
yellow color with a deep green fluorescense will appear. A confirmatory 
test may be made by oxidizing the glycerol to glycerose and testing with 
the same reagent. To 0.1 ml of the solution to be tested, add 0.9 ml of 
fresh 3 per cent bromine water and heat for 10 minutes in a steam bath. 
After excess bromine has been boiled off, take 0.1 ml of the solution, add 
2 ml of the reagent and heat for 20 minutes in a steam bath. A reddish- 
violet color will develop if glycerol is present. Other aldehydes also give 
color reactions with the reagent 30 . 
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The preparation of crystalline derivatives of glycerol which can he 
identified by their melting points provides positive identification and is 
often to be preferred to the color tests. The derivatives described here are 
among those more commonly used. 

Glycerol Tribenzoate. Shake together one drop of glycerol, 0.4 ml of 
benzoyl chloride and 5.0 ml of 10 per cent NaOH, with cooling, until a 
solid separates. Ten ml of cold water are added, the mixture shaken, and 
the precipitate filtered and washed, first with 20 ml of water and then with 
10 ml of 20 per cent acetic acid. The precipitate is crystallized from 15 ml 
of hot alcohol (33 per cent), filtered and washed with dilute alcohol; m.p. 
71-72°C, uncorrected. 

Glycerol Tris(3,6-Dinitrobenzoate). 0.35 g of anhydrous glycerol and 
2.5 g of 3,5-dinitrobenzoyl chloride are weighed into a test tube. Five cc 
of pyridine are added and the mixture gently agitated until solution is 
complete. Considerable heat is evolved; when the tube starts to cool it is 
immersed in boiling water for 5 minutes. The hot liquid is then poured into 
50 cc of cold water, stirred well and let stand overnight. The brown oil is 
slowly transformed into a solid, which is broken up, collected on a filter 
and washed with water. It is then covered with glacial acetic acid in a 
small flask and refluxed 15 minutes or so. The material melts at first, then 
suddenly resolidifies and may again be broken up. When a uniform sus¬ 
pension has been attained and all lumps have disintegrated, the solid is 
again collected on a filter. The product at this point is a light-tan powder; 
it is usually quite pure and melts, airdry, at 188 to 190°C. It may be re¬ 
crystallized if desired by dissolving in 5 cc of warm pyridine, cooling to 
room temperature and adding water dropwise until a faint permanent 
cloudiness results. This is cleared by a few drops more of pyridine and the 
solution allowed to crystallize at room temperature. The separation of the 
solid is completed by standing overnight in a refrigerator. After filtration, 
washing with alcohol and ether and airdrying the melting point is found 
to be 190-192°C. The color and general appearance of the compound are 
not altered by the purification. 

Glycerol Tris(N-Phenylurethane). Into a small Erlenmeyer flask (125 
cc) are weighed 0.5 g of anhydrous glycerol and 2.5 g of phenyl isocyanate. 
When first mixed the two liquids are mutually insoluble; on cautious heat¬ 
ing, however, a temperature will be reached at which the reaction com¬ 
mences, with evolution of heat and formation of a small amount of white 
fumes, (r.se cure: phenyl isocyanate is highly lachrymatory!) The reaction 
mixture is then cooled and 50 cc of chloroform added. On refluxing under 
a cold finger condenser the syrupy reaction mixture will usually dissolve 
quite readily. Continued refluxing will result, in from 15 minutes to several 
hours, in the formation of a white precipitate. The boiling is maintained 
until this has accumulated in appreciable amount; it is then filtered from 



ANALYSIS 


175 


the hot* solution and washed with boiling chloroform. The usual melting 
point as this stage is 180 to 182°C; should the product isolated fuse at a 
lower temperature it may be purified by recrystallization from quite large 
volumes of chloroform with almost quantitative recovery. 

It is imperative that the reactants and solvents used throughout be com¬ 
pletely free from water, and that rigid precautions be taken from start to 
finish against the entrance of moisture in any form into the system. Phen- 
ylisocyanate reacts instantly with water to form carbanilide, a white solid, 
m.p. 238 to 239°C, insoluble in all common organic solvents. Should a 
trace of water be present in the glycerol used, the carbanilide formed will 
appear as an insoluble solid when the mixture is taken up in chloroform. 
In such a case the solution may be filtered and the further treatment carried 
out on the clear filtrate. Contamination with moisture during refluxing, 
however, may cause a precipitate of carbanilide to be mistaken for one of 
the phenylurethane sought with more serious results. Whenever carbanilide 
is found a further addition of phcnylisocyanate should be made to the 
solution to compensate for that used up in the formation of the by-product. 

For other preparations of urethane derivatives, see the following ref¬ 
erences: glycerol tri-(N-phenylurethane), m.p. 180°C 79 , glycerol tri-[N- 
(p-nitrophcnyl urethane)], m.p. 216°C, crystallized from alcohol 91 , glycerol 
tri-[N-(<x-naphthylurethane)], m.p. 191-192°C, crystallized from alcohol 14 . 

Glycerol Tris(Paranitrobenzoate). Two g of p-nitrobenzoyl chloride and 
0.35 g of anhydrous glycerol are weighed into a test tube. Five cc of pyr¬ 
idine are added. The mixture becomes quite hot and forms a clear solution, 
which is kept near the boiling point for the next 5 minutes or so. Without 
letting the solution cool (on cooling a crystalline material forms which 
impedes quantitative transfer) it is drowned in 50 cc or so of icewater in a 
small beaker. After stirring well it is allowed to stand overnight. 

By the next morning the brown oil formed on drowning will have solidi¬ 
fied. The lumps are broken up and the resulting powder collected on a 
filter, washed with 5 per cent sodium carbonate solution and then thor¬ 
oughly with water. The moist cake is transferred to a small Erlenmeyer 
flask and boiled with about 30 cc of glacial acetic acid. More acid is added 
if necessary and the mixture refluxed (10 to 15 minutes) until solution is 
complete. On slow cooling to room temperature the pure derivative crystal¬ 
lizes almost quantitatively as nearly-white granules, m.p. 188-189°C. 

Quantitative Analysis 

Of the methods given in the remainder of this chapter, by far the most 
used are (1) determination of specific gravity, (2) acetylation, (3) dichro- 

• Cooling of the chloroform solution causes crystallization of large amounts of a 
mixture of partly reacted glyceol phenylurethanes of melting point anywhere from 
100 to 170°C. 
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mate oxidation, (4) periodate oxidation and (5) moisture by the Karl 
Fischer titration. The determination of specific gravity is applicable only 
to refined glycerol, in which water is the only impurity present in significant 
amount. The other methods are applicable to both refined and crude glyc¬ 
erol. Analysis by acetylation has been used for many years in both Europe 
and the United States, and is recognized as a standard method when acety¬ 
lation is accomplished with acetic anhydride and sodium acetate in an 
approved manner. This standard method has the disadvantages of being 
tedious and of giving results about 1.1 per cent too low when checked 
against pure glycerol. Analysis by dichromate oxidation is also an old and 
commonly used method of analysis which is accepted as a standard when 
certain specified procedures are used. It is a time-consuming method and 
gives results about 0.3 per cent too low. Analysis by periodate oxidation is 
a comparatively new method which is becoming widely used. It is easier 
and more accurate than any of the other methods except the specific gravity 
determination. Impurities commonly found in glycerol do not affect the 
analysis, excepting compounds with vicinal hydroxyl groups, e.g., 1,2- 
glycols, sorbitol and sugars. Periodate oxidation can be accomplished with 
the glycerol greatly diluted, so the method is convenient when glycerol has 
been recoverd from a sample by extraction. One version of the periodate 
oxidation determination is accepted as a standard method by the American 
Oil Chemists’ Society. 

Titration with the Karl Fischer reagent is the best general method for 
the determination of water. It can be applied to either refined or crude 
glycerol and impurities do not interfere. Determination of specific gravity 
is the best means of determining water in refined glycerol. The Spaeth- 
Hutchinson method can be applied to all types of glycerol and is sufficiently 
accurate for industrial use but requires more time and equipment than the 
Karl Fischer titration. 

American Oil Chemists’ Society Methods. The tentative and official 
methods of glycerol analysis published by the A.O.C.S. 63 embody the 
principal analytical procedures.* They are in general use in the United 
States and Canada and are official in commercial transactions. 

A.O.C.S. Official Method Ea 1-38 
Sampling 

Scope: Applicable to crude glycerine in drums, tank cars or trucks (see Note 1) 

A. Apparatus: 

1. Drum sampler, consisting of 2 brass tubes, 1 fitting closely inside the other. 

The ports in the sides of the tubes are located and spaced in such a way that 

• The Methods are copied here by permission of The American Oil Chemists’ 
Society. 
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when the tubes are turned to “Open” a continuous slot is formed which per¬ 
mits taking a continuous section of the product throughout the drum or similar 
container. Ports are also cut at the bottom of both tubes to permit drawing a 
portion of loose salt or sediment which may have collected at the bottom. 
A pointer and dial are constructed at the handle end of the sampler, so ar¬ 
ranged as to indicate whether the ports are open or closed. A tube 1 inch in 
diameter will withdraw ca 10 oz from a 110-gal drum and a ^-inch tube will 
take ca 5 oz. 

2. Core tank sampler, for tank cars or trucks, consisting of a hollow tube of ca 
2 inches uniform internal diameter, and a length sufficient to take a sample 
through the entire depth of liquid. The bottom is closed by a tight valve or 
cock, which when open, allows an unrestricted opening the full size of the tube 
and which does not leak when closed. This valve is operated by a rod from the 
top and is so constructed that a sample can be taken within % inch of the bot¬ 
tom of the tank. 

3. Dipper with handle of ca 1 pint capacity for taking flow samples during loading. 

4. Cans with tight lids for mixing tube or core withdrawals or accumulating flow 
samples. 

5. Air-tight containers, such as pint bottles, for preservation of mixed samples. 

B. Procedure: 

Caution: Glycerine is very hygroscopic and must at all times be carefully protected 

from moisture changes caused by contact with moist air. 

1. Drums and Similar Containers. 

Store in a warm place for several hours prior to sampling if possible. Mix 
contents of drum by rolling through several complete revolutions. Introduce 
the drum sampling tube vertically through bung opening with ports closed 
until it reaches the bottom. Turn the handle to “Open” position long enough 
for the sampler to fill and then close. Withdraw the sampler and wipe off sur¬ 
plus glycerine clinging to outside of tube by cupping hand over tube as it is 
withdrawn. Empty into mixing can. Sample each drum unless all parties con¬ 
cerned have agreed to a lesser number. Keep the mixing can covered at all 
times except when actually discharging the samples into it and when mixing 
the combined withdrawals. Rapidly mix contents of can by stirring thoroughly 
with a clean wooden paddle and immediately transfer a portion of the gly¬ 
cerine to an air-tight container, such as a pint bottle. Label final sample with 
complete identification. 

2. Tank , Cars or Trucks. 

Lower the core sampler for tank cars or trucks vertically through the tank 
contents, with the bottom closure wide open, at a uniform rate slow enough to 
permit the tube to fill as it is lowered, i.e. the tube should not be lowered faster 
than the glycerine can flow in so that the levels inside and outside of the sam¬ 
pler are nearly equal at all times. This precaution must be carefully observed. 
Allow sampler to rest on bottom of tank for a short time before closing valve. 
Withdraw the sampler slowly, wiping off glycerine clinging to outside of tube 
and discharge into mixing can. Repeat this operation if necessary to obtain a 
sample of sufficient size. Keep the mixing can covered at all times except when 
actually discharging samples into it ami when mixing the combined with¬ 
drawals. Rapidly mix contents of can by stirring thoroughly with a clean 
wooden paddle and immediately transfer a portion of the glycerine to an air- 
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tight container, such as a pint bottle. Label final sample with complete identi¬ 
fication. 

3. Flow Sample at Time of Loading. 

Note: Tank cars and other large shipments, by mutual agreement between 
buyer and seller, may be sampled as follows: 

The total gross samples to be accumulated should not be less than 0.1% by 
weight of the total shipment sampled, and must represent not less than 25 
withdrawals of uniform size by dipper from the flowing glycerine at the dis¬ 
charge end of the pipe as the glycerine enters the tank car. Determine the ap¬ 
proximate number of such withdrawals to be taken and space them as uni¬ 
formly as possible throughout the loading operation. Wipe the dipper after 
each withdrawal or rinse it before reusing, otherwise the remaining glycerine 
may absorb and thus include a significant quantity of moisture. Accumulate 
withdrawals in a can large enough to permit thorough mixing and keep can 
covered tightly at all times except when actually discharging samples into it 
and when mixing the combined withdrawals. Rapidly mix contents of can by 
stirring thoroughly with a clean wooden paddle and immediately transfer a 
portion of the glycerine to an air-tight container, such as a pint bottle. Label 
final sample with complete identification. 

C. Notes: 

1. The foregoing sampling instructions, Section B, paragraphs 1 and 2 are ap¬ 
plicable only to crude glycerine from which little or no salt or other sediment 
has separated. If much salt has been deposited, there is no satisfactory method 
of taking a representative sample. This is especially true of tank car shipments. 
These are best sampled by taking a flow sample at the time of loading. It is 
strongly recommended that such an agreement be made a part of the purchase 
contract between buyer and seller. 

2. Experience has shown that a continuous drip or flow sample taken from a pet- 
cock in the loading line is not a very satisfactory or reliable method. Small 
orifices clog easily and unless they are under almost continuous observation 
there may be intervals during which there is no flow through them. For this 
reason, the dipper method with sampling at pre-determined intervals is pre¬ 
ferred and recommended. 

A.O.C.S. Official Method Ea 2-38 
Ash, Alkalinity or Acidity and Sodium Chloride 

Definition: The alkalinity of crude glycerine is expressed in terms of NajO which 
may be present in any of the following forms: 

1. Free or caustic alkalinity (NaOH). 

2. Carbonate alkalinity (Na 2 COj and/or NaHCOj). 

3. Alkalinity combined with or equivalent to organic acids or esters (RCOONa). 

The acidity of crude glycerine is likewise expressed in terms of the Na 2 0 
equivalent to the free acids present. Organic acids may be free or, in acid crudes 
they may be esterified with the glycerine. In the latter form they cannot be 
determined by direct titration. The analytical procedure to follow, therefore, 
depends upon the reaction of the sample to phenolphthalein indicator soln., 
after dilution with several volumes of distilled water. 

Scope: Applicable to crude glycerine of salt, saponification or hydrolyzed types. 
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A. Apparatus: 

1. Volumetric flasks, 100 ml. 

3. ' Platinum evaporating dishes, 75 , (c *^"^So'^This'is equivalent to a 

4. Muffle furnace which can be regulated at 500 to 550 mu* * 

5 ^'burner Argand or similar chimney type. Chimneys of Pyre* glass are 

6 ; SZXZn. Stand- 

ard taper joints, 24/40 are preferred. 

7. Ashlcss filter paper. 


B. Reagents: 

Sulfuric and hydrochloric acid soln., 0.25*. accurately standardized. 

2. Sodium hydroxide soln., 0.25*. accurately standard.zed 

3. Phenolphthalein indicator soln.. 0.5% >'» °5% alcoho1, 

4 Methyl orange indicator soln., 0.1% in distilled water. 

5 * Aqueous barium chloride soln.. 10%. Add phenolphthale.n and neutralise to 
the first permanent pink color before using. 

6. Silver nitrate soln., 0.1*. accurately standardized. 

7. Potassium chromate indicator soln.. 10% in distilled water. 

C. Preparation of Sample: 

1. Samples containing separated salt, sediment or suspended matter must be 
warmed and thoroughly mixed to insure uniform distribution. Some sediment 
tends to cling to the bottom of the container and the viscosity of glycerine 
retards rapid dispersion. Any mixing procedure which will secure positive dis¬ 
tribution is fatisfactory. Careful preparation of sample is necessary to obtain 
an accurate analysis. 


D. Procedure: 

(a) Ash and Total Alkalinity. 

1. Weigh accurately 2 to 5 g of well mixed sample into a tared platinum dish 
which has been previously ignited and cooled in a desiccator. 

2. Warm carefully over the low flame of an Argand burner to drive oil water. 
If sample shows a tendency to spatter, place an ashless filter paper cone, 
with tip torn off. in the dish over the sample. Drive off volatile matter, 
ignite fumes and allow to burn quietly without further application of heat. 
Char at low temperature, not exceeding a dull red heat to avoid the vo¬ 
latilization of chlorides or formation of sulfides. This may be done ad¬ 
vantageously in a muffle regulated at 500 to 550°C. Carbonization is car¬ 
ried to the point where water will not extract colored, soluble organic 
matter. 

3. When the mass has been properly charred, lixiviate with 10 to 15 ml of 
hot distilled water and filter through an ashless filter paper. Wash out dish 
twice with 10-ml portions of hot water, pouring the washings over the 
residue on the filter. Allow to drain well. 

4. Return the filter paper and residue to the platinum dish and ignite at a 
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dull red heat over an Argand burner, or in a muffle at 500 to 550°C, until 
all carbonaceous matter is consumed. 

5. Return filtrate and washings to cooled dish and evaporate to dryness on 
a steam or hot water bath. Dry to constant weight in an air oven at 130°C 
or over an Argand burner or in a muffle below a dull red heat (500 to 550°C). 
Cool to room temperature in a desiccator and weigh. 

Ash W = ash X 100 

Weight of sample 

6 . Dissolve the ash in ca 25 ml of hot distilled water. Cool to room tempera¬ 
ture, add 2 to 3 drops of methyl orange indicator and titrate to faintly 
acid end-point with 0.25W HsSO«. Save the titrated soln. for the NaCl 
determination if it is required. 

Total alkalinity, % - -f- 

Weight of sample 


(b) Free Caustic Alkalinity or Free Acidity. 

1. Dissolve ca 10 ml of sample in ca 100 ml of distilled water and add 1 ml 
phenolphthalein indicator soln. Mix and observe the color to determine 
if the sample is acid or alkaline. 

2 . If sample is alkaline determine free caustic alkalinity as follows: 

Weigh 20 g of sample into a 100-ml volumetric flask, add 50 ml freshly 
boiled and cooled distilled water and an excess, usually not more than 25 
ml, of neutral barium chloride soln. Make up to 100 ml with the boiled and 
cooled distilled water, mix well, close flask tightly, and allow to stand 
until the precipitate settles. This may require overnight. 

3. Pipet 50 ml of the clear, supernatant liquid into a 250 ml Erlcnmeyer 
flask, add 1 ml phenolphthalein indicator soln. and titrate immediately 
to the disappearance of the pink color with 0.25N HC1. The end-point 
must not be exceeded and back titration is not permissible. 


Free caustic alkalinity, % 


Titration X normality X 3.1 
Weight of sample X 0.5 


4. If the sample is acid determine free acidity as follows: 

Weigh 10 g of sample into 250-ml Erlenmeyer flask, add 50 ml freshly 
boiled and cooled distilled water, 1 ml phenolphthalein indicator soln. 
and titrate to the first pink tinge with 0.25AT NaOH soln. 


Free acidity, % 


Titration X normality X 3.1 
Weight of sample 


(c) Alkalinity Combined With or Equivalent to Organic Acids or Esters. 

1. If the sample is alkaline, determine the alkalinity combined with organic 
acids as follows: 

Weigh 10 g of sample into a standard taper 250-ml Erlenmeyer flask, add 
50 ml. of distilled water and sufficient 0.25AT H 1 SO 4 to exactly neutralize 
the total alkalinity of the sample as determined in D (a) 6 . Allow for in¬ 
crease in size of sample. 

2. Attach u reflux condenser, preferably water cooled, though an efficient air 
condenser may be used, and boil gently for 15 to 20 minutes. Wash down 
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Alkalinity combined with organic acids, % - 

Titration X normality X 3.1 
Weight of sample 

3 . If the sample is acid, determine the alkalinity equivalent to organic acids 
and esters as follows (see Notes 1 and 2): 

Weigh 10 g of sample into standard taper 250-ml Erlenmeyer flask, 

50 ml of distilled water and 20.0 ml of 0.25* NaOH. Attach a reflux con¬ 
denser as in D (c) 2, and boil gently for 30 minutes Conduct a blank deter- 
mination with 50 ml of distilled water and 20.0 ml of 0.25* NaOH simul- 

4 WMh'dLwn^hc*Condenser tube with freshly boiled distilled water, cool 
sufficiently to handle, add 1 ml phenolphthalein indicator soln. and titrate 
blank and sample immediately to the disappearance of the pink color 
with 0.25* HC1. The end-point must not be exceeded and back titration 
is not permissible. 

Alkalinity equivalent to organic acids and esters, % - 
(B - T) X normality of HC1 X 3.1 
Weight of sample 

B - titration of blank 
T - titration of sample 


(d) Carbonate Alkalinity. 

1 . If the sample is alkaline: 

Carbonate alkalinity, % - A — (B + C) 

A - % total alkalinity from D (a) 6 . 

B = % alkalinity combined with organic acids from D (c) 2. 

C = % free caustic alkalinity from D (b) 3. 

(e) Sodium Chloride (See Notes 3 and 4): 

1 . Wash the titrated soln. from the total alkalinity determination, D (a) 6 , 
from the platinum dish into a 100 -ml volumetric flask with distilled water. 
Make up to 100 ml with distilled water, mix thoroughly and pipet 50 ml 
into a 250-ml Erlenmeyer flask. Add a few drops of phenolphthalein in¬ 
dicator soln. and adjust neutrality with 0.25* NaOH and H*SO« leaving 
the soln. barely acid. Add 1 ml of potassium chromate indicator soln. and 
titrate to the first permanent reddish tinge with O.liV AgNOa. 

Titration X normality X 5.85 

Sodium chloride, o q 5 ^ weight of sample used in D (a) 6 . 


E. Notes: 

1. If the sample contains free mineral acid, such as HC1 or H 0 SO 4 or acid salts 
such as NaHSO*, the alkalinity determined in D (c) 4 will include that equi¬ 
valent to inorganic as well as organic acids. Free inorganic acidity may be 
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determined by procedure D (b) 4 by substituting methyl orange for phenol- 
phthalein indicator soln. and diluting with 100 ml. distilled water instead of 
50 ml. The per cent alkalinity required to neutralize inorganic acids is sub¬ 
tracted from the % alkalinity found in D (c) 4 to obtain corrected % alkalinity 
equivalent to organic acids. This correction is seldom necessary. 

2. Some acid samples may contain iron salts which interfere with the phenol- 
phthalein end-point and, if present as sulfate or chloride, may be included in 
alkalinity equivalent to organic acids. Should the amount of iron salts appear 
to be large after boiling with NaOH in D (c) 3, filter the sample to remove iron 
hydroxide. Wash the precipitate and exactly neutralize to phenolphthalein 
with 0.25iV HC1 disregarding the volume required. Transfer the neutral soln. 
to a 250-ml. volumetric flask, cool, dilute to volume, mix well and pipette 50 
ml into a platinum dish. Evaporate the water, char the residue, ash and titrate 
as directed in D (a) 2-6. The % alkalinity found in this 2-g sample is reported 
as % alkalinity equivalent to organic acids. This modified procedure is seldom 
necessary. 

3. The end-point in the sodium chloride titration may be seen moreeasily if illumi¬ 
nation is furnished by a Mazda lamp of suitable size screened by a Wratten 
Safelight Filter No. 00. 

4. Sodium chloride is not usually determined in crude glycerine. This method for 
its determination is included for convenience and completeness. 

A.O.C.S. Official Method Ea 3-38 

Total and Organic Residue at 160°C 

Definition: This method determines the material which is not volatile at 160°C. 

The inorganic ash is included and must be subtracted from the total residue to obtain 

the organic residue. 

Scope: Applicable to crude glycerine of the saponification or hydrolyzed types. 

A. Apparatus: 

1 . Volumetric flasks, 100 ml. 

2. Petri or similar glass dishes, diameter ca 70 mm., height ca 12 mm. 

3. Desiccator containing an efficient desiccant. Calcium chloride is not satis¬ 
factory. A.O.C.S. Specification H 9-45. 

4. Air oven capable of maintaining a uniform internal temperature of 160° ± 
2°C. 

B. Preparation of Sample: 

1. Samples containing separated salt, sediment or suspended matter must be 
warmed and thoroughly mixed to insure uniform distribution. Some sediment 
tends to cling to the bottom of the container and the viscosity of glycerine re¬ 
tards rapid dispersion. Any mixing procedure which will secure positive dis¬ 
tribution is satisfactory. Careful preparation of sample is necessary to obtain 
an accurate analysis. 

C. Procedure for Total Residue: 

1. Adjust the alkalinity of the sample so that the sum of the free caustic alkali 
and carbonate alkali (expressed as Na*0) will equal 0.2%. This alkalinity is 
necessary in order to prevent the loss of organic acids. An excess of alkalinity 
beyond 0 . 2 % may result in the formation of polyglycerols and should, there¬ 
fore, be avoided. 
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2 Weigh 10 g of sample into 100-ml volumetric flask and dilute with a few ml of 
distilled water. After having determined the acidity or alkaim.ty (^c caust 
or carbonate) as directed in A.O.C.S. Official Method fa 2-38 D (b) and (d) 
use the following equations to determine the amount of 1.0A HC1 or 1.0, 
Na 2 COj to add to bring to the desired alkalinity: 

a. When the sample is acidic: 

Ml 1.0.V Na;CO, to be added to 10 g of sample - 

% acidity as Na»Q 
_ 0.31 


+ 0.65 


b. When the alkalinity of the sample is less than 0.20% Nu-O: 

0.20 - % NajO 


Ml \.0N NajCOj to be added to 10 g of sample 


0.31 


% NajO - sum of % free caustic alkalinity and % carbonate alkalinity, 

c. When the alkalinity of the sample exceeds 0.2% NajO: 

% Na,0 - 0.20 

Ml l.OiV IIC1 to be added to 10 g of sample - -jrrj 


% Na*0 - sum of % free caustic alkalinity and % carbonate alkalinity. 

Note: The % aciditv. % free caustic alkalinity, and % carbonate alkalinity 
are determined as directed in A.O.C.S. Official Method Ea 2-38, D (b) and 

(d). 

3. Fill the flask with distilled water to the 100-ml mark and mix well. Transfer 
10 ml with a pipet into weighed dish. 

4. Place the dish on a water or steam bath, or in an oven operating at 1(K)°C, 
until most of the water has evaporated. Transfer to the 160°C oven and evap¬ 
orate most of the glycerine at a temperature of 130° to 140°C. This temperature 
is readily maintained by leaving the door partially open. When only a slight 
vapor is visible leaving the dish, remove from the oven and cool. 

5. Add 0.5 to 1.0 ml of distilled water. Rotate the dish to bring as much of the 
residue into soln. as possible. 

6 . Evaporate the water again as described above in 4. Be sure that sufficient water 
has evaporated so that there will be no spattering when the dish is placed 
within the oven. 

7. The time required up to this point is not important and usually requires 2 to 
3 hours. From here on, the following schedule must be strictly adhered to. 

a. Allow to remain in oven at 160°C for 1 hour. 

b. Remove from oven, cool, add 0.5 to 1.0 ml of distilled water, evaporate, and 
bake for 1 hour at 160°C. 

c. Remove from oven, cool to room temperature in a desiccator and weigh. 

8 . Repeat the treatment (7, b and c) until a constant loss of 1 to 1.5 mg per hour 
is obtained (see F, 1). 


D. Calculation: 

1. If the sample is acidic: 

Total residue, % = 100 ((A - 0.0022B) - 0.0034] 

2. If the sample is alkaline, but contains less than 0.2% Na ; Q: 
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Total residue, % = 100 (A - 0.0053C) 

3. If the sample is alkaline and contains more than 0.2% Na 2 0: 

a. When the carbonate alkalinity is less than 0.2% as Na 2 0, the remainder 
being caustic alkalinity: 

Total residue, % = 100 (A - 0.0018D) 

b. When all the alkalinity is due to carbonate: 

Total residue, % = 100 (A - 0.0005D) 

c. When the carbonate alkalinity is in excess of 0.2% NajO and caustic al¬ 
kalinity is also present: 

Total residue, % = 100 [A - (0.0058E + 0.0016F)J 
A = weight of residue from C, 8 

B — ml 1 N NajCOj soln. added to neutralize 10 g of glycerine from C, 2, a 
(0.65 not to be included) 

C = ml \N NajCOj added to 10 g of glycerine from C, 2, b 
D - ml IN HC1 soln., added to 10 g of glycerine from C, 2, c 
E - % caustic alkalinity as NajO 
F - % carbonate alkalinity as NajO — 0.2 

E. Non-Volatile Organic Residue at 160°C: 

Subtract the ash (A.O.C.S. Official Method. Ea 2-38, D (a) 5) from the total 
residue at 160°C to obtain the non-volatile organic residue at 160°C. 

F. Notes: 

1. The residue from this determination is reserved for the determination of acety- 
latable impurities (see A.O.C.S. Official Method Ea 4-38, E). 

2. It should be noted that alkaline salts of fatty acids are converted to carbonates 
on ignitions and the COj thus derived is not included in the organic residue. 

3. A procedure has been reported for replacing the 160°C oven by Govan, Oil & 
Soap, 19, 27 (1942). 

A.O.C.S. Official Method Ea 4-38 
Glycerol 
(Acetln Method) 

Definition: This method determines as glycerol the total acetylatablc material 
and will include glycols and polyglycerols if present. 

Scope: Applicable to crude and refined glycerine providing the glycerol content is 
not less than 60 per cent. This method is not reliable if acetylatable material is 
present other than that remaining and corrected for in the total residue. 

A. Apparatus: 

1. Weighing pipet, Grethan, Lunge or equivalent. 

2. Acetylation apparatus may be either of the following: 

a. 125-ml Erlenmeyer Husk and water-cooled condenser, standard taper 24/40 
glass connections, Pyrex Nos. 5000, 2360 or equivalent. 
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b. Pear-shaped acetylation flask with air cooled condenser, standard taper 
24/40 glass conections, Pyrex No. 4040 or equivalent. 

3. Pipet or buret for dispensing acetic anhydride. K , 

4 . Boiling flasks, Erlenmeyer or Florence type, 1-liter capacity, flat bottom, hi ted 
with water-cooled reflux condensers. 


B. Reagents: 

1 Acetic anhydride, minimum 95% actual acetic anhydride. 

' Method of Assay: Weigh ca 2 g into a 200- or 250-ml glass-stoppered Erlenmeyer 
flask, cool in ice, add 5 ml of freshly distilled aniline, stopper immediately, 
shake vigorously, and allow to stand at room temperature for 30 minutes. 
Wash down the sides of the flask with 50 ml of ice cold water. Mix well and 
titrate with 1.0AT alkali, using 3 drops of phenolphthalcin. The titration is 
carried to a point where the pink color will persist for 10 minutes. 


ml N alkali required 
weight of sample 


Weigh ca 2 g of the sample into a second flask, add 50 ml of distilled water, 
allow to stand for 30 minutes and titrate with 1.0A r alkali to the same end-point 
using phenolphthalcin indicator. 

^ ml N alkali required 
weight of sample 


Acetic anhydride, % - (B — A) X 10.209 

2. Sodium acetate, anhydrous reagent quality. Fuse the anhydrous sodium ace¬ 
tate before using and store in a desiccator. 

3. Hydrochloric or sulfuric acid, 1.0 N, accurately standardized. 

4. Sodium hydroxide soln., 1.0AT, accurately standardized. This soln. is prefer¬ 
ably standardized against the 1.0 N HC1 or HjSOi. This soln. must be carbonate 
free. 

5. Sodium hydroxide soln., ca 1.0 N. This soln. must be carbonate free. 

6 . Phenolphthalein indicator soln., 0.5% in 95% ethyl alcohol. 


C. Preparation of Sample: 

1. Samples containing separated salt, sediment or suspended matter must be 
warmed and thoroughly mixed to insure uniform distribution. Some sediment 
tends to cling to the bottom of the container and the viscosity of glycerine re¬ 
tards rapid dispersion. Any mixing procedure which will secure positive dis¬ 
tribution is satisfactory. Careful preparation of sample is necessary to obtain 
an accurate analysis. 


D. Procedure: 

1. Use a weighing pipet and weigh carefully and as rapidly as possible 1.25 to 1.5 
(±0.0002) g of the sample into an acetylation flask. Add ca 3 g of sodium ace¬ 
tate and then 7.5 ml of acetic anhydride. 

2 . Connect the condenser and heat so as to keep the contents of the flask just boil- 
ling for 1 hour. The salts should not be allowed to dry on the sides of the flask 
(see G, 1). 
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3. Cool somewhat and add through the condenser 50 ml of distilled water which 
has been previously boiled and cooled to 80°C. Swirl occasionally to dissolve 
the mass. 

4. Cool the flask and contents to about room temperature. Wash down the inside 
of the condenser tube, detach the flask and wash off the stopper into the flask. 

5. Filter into a 1-liter boiling flask through an acid -washed filter paper. Wash 
the residue on the paper thoroughly with freshly boiled and cooled distilled 
water. 

6. Cool to 10° to 15°C, add 2 ml of indicator and then NaOH soln. (ca I.OjV) until 
the first faint pink color appears throughout the soln. This neutralization 
must be very carefully done. Add the alkali down the sides of the flask with 
constant swirling (see G, 2). As the neutral point is approached, add the alkali 
at a slow rate. When nearly at the neutral point wash down the sides of the 
flask with distilled water and then add the alkali drop by drop to the neutral 
point. 

Caution: The neutralization should be performed as rapidly as possible but 
care must be exercised not to pass the end-point. If this is done, repeat the 
determination since NaOH may saponify triacetin with consequent low re¬ 
sults. Cold solution, vigorous agitation and slow and careful neutralization, 
especially near the neutral point, are factors which affect the accuracy of the 
method. 

7. Add exactly 50 ml or some other calculated excess of 1.0AT NaOH soln. Attach 
an air- or water-cooled condenser and boil gently for 15 minutes, taking care 
to avoid any loss through the condenser. Cool as rapidly as possible preferably 
by immersing in a bath of cold water. 

8. Titrate the excess NaOH with 1.0 N acid to the same end-point that was pres¬ 
ent before the 50 ml of alkali were added. 

9. Conduct a blank determination on the reagents, simultaneously with the sam¬ 
ple and similar in all respects. Ten ml of excess NaOH soln. may be used with 
the blank instead of 50. 

E. Acetylatable Impurities In Total Residue: 

Note: Some of the acetylatable material found in the gross acetin determina¬ 
tion may not be due to true glycerol. Therefore, it is necessary to determine 
the acetylatable material in the total residue and make a correction for the 
quantity found. 

1. Dissolve the residue from the determination of total residue at 160°C (A.O.C.S. 
Official Method. Ea 3-38, F, 1) in 1 to 2 ml of distilled water. Wash into acetyla¬ 
tion flask and evaporate to dryness. 

2. Add sodium acetate and acetic anhydride and proceed as directed in D, 2 to 8. 

F. Calculations: 

1. Blank determination on reagents: 

A - B = C 

in which A = ml 1.0.V NaOH added in the blank determination 
B = ml 1.0JV acid required for back titration 
C = ml 1.0JV NaOH consumed by reagents. 


2. Acetylation of sample: 
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55_—- C) X 3 = % total acetylatable, as glycerol 

Weight of sample 

D - ml 1.0.V NaOH added to sample 
E = ml 1.0 N acid required for back titration. 

3. Acetylation of residue: 

(F - G - C) X 3.070 = % acetylatable in residue, as 
F = ml 1.0 N NaOH added to residue 
G - ml l.OAf acid required for back titration. 

4. Glycerol, % - % total acetylatable - % acetylatable in 

G. Notes: 

1. A sand bath is very satisfactory for heating during acetylation. 

2. Mechanical stirring provides very satisfactory agitation during neutralization 
and titration. 

A.O.C.S. Official Method Ea 5-38 
Glycerol 

(Dichromate Method) 

Definition: This method determines the glycerol by oxidation to carbon dioxide 
and water. It will include any oxidizable material remaining after the purification. 

Scope: Applicable to aqueous solutions of glycerine which are free from oxidizable 
impurities, or to solutions from which such impurities may be removed by the pre¬ 
scribed preliminary treatment. 

A. Apparatus: 

1. Volumetric flasks, 100, 250, and 1000 ml. 

2. Erlcnmcyer flasks, 500 ml. 

.3. Pipet, 25 ml. 

4. Graduated cylinder, 25 ml. 

5. Porcelain spot plate 

6. Glass-stoppered weighing bottle, 25 to 50 ml. 

B. Reagents: 

1. Potassium dichromate, A.C.S. grade. The potassium dichromate is finely ground 
and dried to constant weight at ca 110°C before using. Dissolve 7.4543 g in 
distilled water and make to 1 liter at 25°C. Each ml of this soln. is equivalent 
to 0.001 g of glycerol. 

Note: A standard sample of potassium dichromate with a certificate of anal¬ 
ysis may be obtained from the National Bureau of Standards at Washington, 
D. C.. This sample is strongly recommended as the primary standard for this 
method. Treat as directed in the certificate of analysis accompanying the sam¬ 
ple. 

2. Silver carbonate, prepared as needed for each test from 140 ml of 0.5% silver 
sulfate soln. by precipitation with ca 4.9 ml of l.V Na*COa soln. A little less 
than the calculated amount of this soln. should be used because an excess 
prevents rapid settling. Settle, decant, and wash once by decantation. 

3. Lead subacetate soln., boil a 10% soln. of lead acetate with an excess of lead 


glycerol 

residue. 
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. oxide for 1 hour, keeping the volume constant. Filter while hot. Disregard the 
ppt. which subsequently forms and preserve away from contact with CO*. 

4. Potassium ferricyanide indicator soln., ca 0.1% in distilled water. 

5. Sulfuric acid, (1:1) and (1:4). Dilute 1 volume of HjSO« (sp gr 1.84) with 1 
and 4 volumes of distilled water. 

6. Ferrous ammonium sulfate, standardize each lot with potassium dichromate 
as follows: Dissolve 3.7272 g of dichromate in 50 ml of distilled water. Add 50 
ml of sulfuric acid (1:1) and then accurately weigh a small excess of ferrous 
ammonium sulfate into the flask from a weighing bottle. Titrate the excess 
ferrous ammonium sulfate with the standard potassium dichromate soln. and 
calculate the value of the ferrous salt in terms of glycerol or dichromate. 

3.7272 + (0.007454 X ml KiCrtO, used) _ Q 
g of ferrous ammonium sulfate used 

C = g of dichromate equivalent to 1 g of ferrous ammonium sulfate. 


8 

D 


0.5 - 0.001 (ml. KiCriOr used) _ D 
of ferrous ammonium sulfate used 

— g of glycerol equivalent to 1 g of ferrous ammonium sulfate. 


C. Preparation of Sample: 

1. Samples containing separated salt, sediment, or suspended matter must be 
warmed and thoroughly mixed to insure uniform distribution. Some sediment 
tends to cling to the bottom of the container and the viscosity of glycerine re¬ 
tards rapid dispersion. Any mixing procedure which will secure positive dis¬ 
tribution is satisfactory. Careful preparation of sample is necessary to obtain 
an accurate analysis. 


D. Procedure: 

1. Weight 20 g (or a quantity not to exceed 16 g actual glycerine) of the sample 
into 250-ml volumetric flask, dilute to 250 ml with distilled water and mix well. 
Transfer 25 ml with a pipet into a 100-ml flask. 

2. Add the Ag,COi and allow to stand with occasional agitation for ca 10 minutes. 
Then add a slight excess, ca 5 ml in most cases, of lead subacetate soln. and 
allow to stand for a few minutes. 

3. Dilute with distilled water to 100 ml and add 0.15 ml in addition to compensate 
for the volume of the ppt. 

4. Mix thoroughly and filter through a dry filter paper into a dry Erlenmeyer flask. 
Reject the first 10 ml through the filter and return the remainder of the filtrate 
if it is not clear. 

5. Test a portion of the filtrate with a little lead subacetate soln. If any ppt. forms 
it is necessary to start with another 25-ml portion (D, 1) adding 6 ml of lead 
subacetate soln. A large excess of the subacetate must be avoided. 

6. Pipet 25 ml of the filtrate into a 500-ml Erlenmeyer flask. Add 12 drops of dilute 
sulfuric acid (1:4) to ppt. the excess lead as lead sulfate. Add 3.7272 g of potas¬ 
sium dichromate. Wash down the dichromate with 25 ml distilled water and 
let stand with occasional shaking until the dichromate has dissolved. 

7. Add 50 ml of sulfuric acid (1:1) and immerse the vessel in boiling water (or 2 



ANALYSIS 


189 


hours. Keep the contents of the flask protected from dust and organic vapors 
such as alcohol. The concentration of acid and time of oxidation are important. 

8. Cool to room temperature and then add a weighed excess of ferrous ammonium 
sulfate. Titrate the excess ferrous ammonium sulfate with the standard di- 
chromate soln. using potassium ferricyanide as the indicator in a spot plate. 


E. Calculation: 

1 g of glycerol = 7.4543 g of potassium dichromate 

1 g of potassium dichromate = 0.13415 g of glycerol. 

[(3.7272 + 0.0074543A) - BC] X 13.415 

Glycerol, % - Weight of sample X 0.025 ' 

A - ml of dichromate soln. used 
B = g of ferrous ammonium sulfate used 

C - g of dichromate equivalent to 1 g of ferrous ammonium sulfate from B, 6. 

If the exact quantities specified in the method are used, the following 
simplified form of the calculation may be used. 

Glycerol, % - 200 ((0.5 + 0.001 A) - DB] 

D — g of glycerol equivalent to 1 g of ferrous ammonium sufate from B, 6 
A.O.C.S. Official Method Ea 6-51 
Glycerol 

(Sodium Periodate Oxidation Method) 

Definition: This method determines glycerol and other polyalcohols containing 
three or more adjacent hydroxyl groups. The glycerol reacts with the sodium peri¬ 
odate in an acid soln., forming aldehydes and formic acid. The latter is a measure of 
the glycerol in the sample. 

Scope: Applicable to any glycerine soln., but especially useful in analyses of samples 
containing oxidizable organic impurities and certain hydroxylated compounds which 
interfere with the dichromate and acetin procedures. Trimethylene glycol and other 
polyalcohols in which the hydroxyl groups are not adjacent do not react at room 
temperature. This method is not applicable to samples that contain, in addition to 
glycerol, polyhydric compounds with3 or more adjacent hydroxyl groups, unless these 
compounds are removed prior to testing with the sodium periodate reagent. 

A. Apparatus: 

1. Buret, 50-ml, calibrated to meet U. S. Bureau of Standards specifications. 
Delivery time must be not less than 90 seconds for 50 ml. 

2. Meniscus magnifier which will permit reading the buret to 0.01 ml. 

3. Pipet, 50 ml, drainage time standardized so that same quantity will be delivered 
to sample and blanks. 

4. Variable speed stirrer, electrical or mechanical, with glass stirrer. 

5. Electrometric pH meter assembly with glass electrode. Adjust pH meter to 
read pH 4.0 when electrodes are placed in the Standard Buffer Solution, B-13. 

6. Beakers, 600-ml. 

7. Volumetric flask, 250-ml. 
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B. Reagents: 

1. Sodium periodate soln.: 

(a) Dissolve 60 g of sodium mcta periodate (NaIO«) reagent grade, in distilled 
water containing 120 ml of 0.1 AT sulfuric acid, total volume 1 liter. Do not 
heat to dissolve sodium periodate. If the soln. is not clear, filter through 
sintered glass filter. Store in a dark, glass-stoppered bottle (see Note 2). 
The acidity of this reagent may change slowly with time so a blank must 
be run each day that analyses are made. Sodium mcta periodate (NaIO«) 
reagent grade supplied by G. Frederick Smith or equivalent is satisfactory. 

If sodium meta periodate does not dissolve, it is not reagent quality and a 
new supply must be obtained. 

(I>) Test for Quality: Pipet 10 ml of sodium periodate soln. into 250 ml volu¬ 
metric flask, dilute to mark and mix thoroughly. To 0.5 to 0.6 g of C.P. 
glycerine in 50 ml of distilled water add 50 ml of diluted sodium periodate 
soln. with a pipet. Prepare a blank using only 50 ml of distilled water. Allow 
to stand 30 minutes, add 5 ml of hydrochloric acid, 10 ml of a 15% potassium 
iodide soln. and rotate to mix. Allow to stand 5 minutes and then add 100 
ml of distilled water. Titrate with 0.\N sodium thiosulfate soln., shaking 
continuously until yellow color has almost disappeared. Add 1 to 2 ml of 
starch indicator soln. and continue titration, adding the thiosulfate soln. 
slowly until blue color has just disappeared. The sodium periodate is 
satisfactory when the titration of soln. containing glycerol divided by 
titration of the blank is between 0.750 and 0.765. 

2. Sodium hydroxide soln., ca 0.1250A' but accurately standardized with potas¬ 
sium acid phthalate using phenolphthalcin indicator. 

3. Sodium hydroxide soln., ca 0.05AT. 

4. Sulfuric acid soln., 0.2A'. 

5. Potassium acid phthalate, acidimetric standard quality and dry. 

Note: A standard sample of potassium acid phthalate with a certificate of 
analysis may be obtained from the National Bureau of Standards at Washing¬ 
ton, D. C. This sample is strongly recommended as a primary standard for this 
method. Use as directed in certificate of analysis accompanying the sample. 

6. Phenolphthalein indicator soln., 1% in 95% alcohol. 

7. Bromthymol blue indicator soln., 0.1% in distilled water prepared as follows: 
Dissolve 0.1 g of dry indicator in 16 ml of 0.0\N NaOH by grinding indicator 
with the alkali in a mortar. Transfer to a 100-ml volumetric flask, dilute to 
volume with distilled water and mix thoroughly. 

8. Ethylene glycol soln., mix 1 volume of ethylene glycol (B.P. 195-197, Eastman 
Kodak Co. 133 or equivalent) and 1 volume of distilled water. 

9. Sodium thiosulfate soln., 0.1AT accurately standardized. 

10. Hydrochloric acid, sp gr 1.19, A.C.S. grade. 

11. Starch indicator soln., make a homogeneous paste of 10 g of soluble starch in 
cold distilled water. Add to this 1 liter of boiling distilled water, stir rapidly 
and cool. Salicylic acid (1.25 g per liter) may be added to preserve the indicator. 
If long storage is required, the soln. must be kept in a refrigerator at 4 to 10°C. 
(40 to 50°F.). Fresh indicator must be prepared when the end-point of the ti¬ 
tration fails to be sharp from blue to colorless. 

12. Potassium iodide soln., dissolve 150 g in distilled water and make to 1 liter. 

13. Standard buffer solution: Dry ca50 g of reagent grade potassium acid phthalate 
at 100°C and cool to room temperature in a desiccator. Transfer 40.84 g of the 
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dry potassium acid phthalate to a 1-liter volumetric flask. Dissolve in distilled 
water and mix thoroughly. 

C. Preparation of Sample: 

1. Samples containing separated salt, sediment or suspended matter must be 
warmed and thoroughly mixed to insure uniform distribution. Some sediment 
tends to cling to the bottom of the container and the viscosity of glycerine re¬ 
tards rapid dispersion. Any mixing procedure which will secure positive dis¬ 
tribution is satisfactory. Careful preparation of sample is necessary to obtain 
an accurate analysis. 

D. Procedure 

1. Make all weighings accurately and rapidly. This is conveniently done, from 
a weighing pipet into the 600-ml beaker, when the sample contains more than 
20% glycerol. When the sample contains less than 20% glycerol it may be 


Table 1. Weight ok Sample to be Taken for Analysis Based Upon the 

Glycerol Content 


Glycerol in Product 
to be analyzed 

Sample to be Weighed 

(%> 

<«> 

100 or less 

0.40- 0.53 

90 or less 

0.45- 0.55 

80 or less 

0.50- 0.60 

70 or less 

0.55- 0.75 

60 or less 

0.65- 0.85 

50 or less 

0.80- 1.00 

40 or less 

0.90- 1.30 

30 or less 

1.20- 1.80 

20 or less 

1.80- 2.60 

10 or less 

4.00- 5.00 

5 or less 

7.0 -11.0 

2.5 or less 

16.0 -20.0 

1.0 or less 

40.0 

0.5 or less 

80.0 


weighed into a tared dish and then washed into the 600-ml beaker with dis¬ 
tilled water. When sample is less than 50 ml, dilute to 50 ml with distilled water. 

For the most accurate results the sample tested must contain between 0.32 
and 0.50 g of glycerol. The approximate weight of sample is to be taken for 
analysis based upon glycerol content as given in Table 1. Smaller samples, 
Vi the specified amount, give slightly higher and less precise results. 

When analyzing salt with approximately 2.5% glycerol, weigh 18 g and 
dissolve in 100 ml of distilled water. When salt contains 1% or less glycerol, 
weigh 25 g and dissolve in 150 ml of distilled water. 

When glycerol content is not known, make a single preliminary test using the 
amonut specified for 100% glycerol. From the results of this test the proper 
sample size can be selected quite accurately. 
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2. Add 5 to 7 drops of bromthymol blue indicator to the sample in the 600-ml 
beaker and acidify, with 0.2 N HiSO«, to a definite green or greenish yellow color. 
Neutralize with 0.05AT NaOH, to indicator end-point, a definite blue free of 
green color. Add a drop at a time when approaching the end-point, sharp green 
to blue transition. When color of soln. (see Note 1) interferes with the de¬ 
tection of the color change of the indicator, use the pH meter and adjust to 
pH 8.1 ± 0.1. 

3. At this point prepare a blank containing 50 ml of distilled water but no glycerol 
and carry through simultaneously with the sample in an identical manner using 
the indicator to adjust the pH before adding the sodium periodate soln. 

4. Add 50 ml of sodium periodate soln. with a pipet, swirl gently to insure thorough 
mixing, cover with a watch glass and allow to stand for 30 minutes at room 
temperature. 

5. At the end of this period add 10 ml of 50% ethylene glycol-water soln. and allow 
to stand 20 minutes. 

6. Dilute to approximately 300 ml and titrate, using pH meter to determine the 
end-point pH 6.5 ± 0.1 for the blank and 8.1 ± 0.1 for the sample. When ap¬ 
proaching the end-point, add alkali a drop or part of a drop at a time. Read 
buret to 0.1 ml and record reading. 


E. Calculations*: 


Glycerol, % 


(S — B) X N X 9.209 


W 


S = ml of NaOH soln. to titrate sample. 

B - ml of NaOH soln. to titrate blank. B must not be less than 4.5 ml. 
N ™ normality of NaOH. 

W - weight of sample in g. 


F. Notes: 

1. If the sample contains an appreciable amount of buffering material the pH 
must be adjusted with a pH meter to the end-point to which the sample will 
be titrated. In some instances buffering action may be sufficiently great to 
prevent good reproducibility of results. 

2. Cork must not be used to stopper any flasks used in this determination or in 
any other way allowed to come in contact with any of the sodium periodate 
soln. used in or for the analysis. 

3. The presence of a sufficient excess of sodium periodate in a given test can be 
checked as follows: Test the sample using % the sample size used in the original 
test. This can be done when running duplicate tests by weighing one approxi¬ 
mately Y k of the other. If analysis of the smaller sample agrees with that of the 
larger sample, there is sufficient excess sodium periodate in both cases. If the 
analysis of the smaller shows a higher glycerol content, more than experi¬ 
mental error, there was not sufficient excess of sodium periodate for oxidation 
of larger sample and another test must be run using a smaller sample. When 
glycerol content is unknown, weigh the amou nt specified for 100% glycerol, and 

• The standard deviation, on 100 per cent glycerol basis, is about 1 per cent for 
glycerol lyes and crudes and is about 0.5 per cent for C. P. distilled glycerol. An 
early study of the method was made by Bradford ei al'*. 
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from the results of this test select the proper size sample, taking into account 
that the results will tend to he high because the sample weighed is smaller 
than that required for the most accurate results. 

A.O.C.S. Official Method Ea 7-50 
Apparent Specific Gravity at 26/26°C 
(Pycnometer Method) 

Definition: This method determines the specific gravity of glycerine in water solu¬ 
tions, which is correlated with glycerol concentration. 

Scope: Suitable for any solution of glycerol in water but intended primarily for 
distilled glycerines. Not applicable if there is any appreciable amount of substances 
other than glycerol and water present. 

A. Apparatus 

1. Pycnometer, or specific gravity bottle, of the Leach type of 25- or preferably 
50-ml capacity. The pycnometer-thermometer should be graduated to 0.2°C 
and calibrated against a Bureau of Standards certified thermometer at 25.0°C. 
The range of the thermometer is preferably from about 10 to 40°C. 

Calibration of Pycnometer —Clean and dry the pycnometer assembly thor¬ 
oughly and determine weight to nearest mg. Fill with freshly boiled distilled 
water which has been cooled to ca 20°C. Insert the thermometer and place in 
bath with cap of side arm removed. Allow the temperatcure to rise until the 
temperature of the pycnometer-thermometer and that of the bath are identical, 
i.c., 25.0°C ± 0.1 # C. This may require from 20 to 30 minutes. When this condi¬ 
tion has been attained, remove excess water from the tip of side arm and 
replace cap. 

Remove pycnometer from bath and dry thoroughly with a clean towel, 
avoiding too brisk rubbing which tends to induce a static charge. Weigh pyc¬ 
nometer and contents, dry again with towel and reweigh to nearest mg (see 
Note 1): 

Weight of water in pycnometer at 25.0°C - 

(Weight of pycnometer + water) - weight of pycnometer. 

2. Water bath, well insulated, capable of holding 4 to 8 pycnometers. A convenien* 
size which will hold 4 bottles is 7 inches high and 12 inches in diameter. The bath 
may be made of tin- or lead-coated sheet metal and insulated with 1-inch cork. 

A false bottom is provided to support the pycnometer. This is made of wire 
mesh or perforated metal and of such a height that the pycnometer will be im¬ 
mersed to the neck. A small motor-driven pump is convenient for circulat¬ 
ing the water, although hand stirring will suffice. The bath is maintained at 
25° ± 0.1°C by automatic or manual thermal regulation. Any suitable ther¬ 
mometer, graduated to 0.1 or0.2°C, accurately calibrated, may be used to reg¬ 
ister the temperature of the bath. 

B. Procedure 

Caution: During all testing operations the sample must be protected against 
loss of moisture by evaporation or gain of moisture due to the hygroscopic 
nature of glycerine. 
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1. The glycerine sample must be free from air bubbles. If not, remove them by 
warming or centrifuging. 

2. Cool to about 20°C and fill the clean, dried and tared pycnometer (see Note 1) 
by pouring the sample carefully down the side of the neck until both side 
arm and neck overflow. Insert the thermometer carefully and examine for air 
bubbles. 

3. If none are visible, place the assembly with side-arm cap removed in the bath 
and bring the sample to 25°C as directed under Calibration of Pycnometer. 

4. Carefully wipe away the excess glycerine from the tip of the side arm, replace 
the cap, and then remove the pycnometer from the bath. Dry completely (avoid 
rubbing too briskly) and weigh. Dry again with a towel and reweigh. 

C. Calculation: 

Weight of sample in pycnometer at 25°C - 

(Weight of pycnometer + sample) — weight of pycnometer. 

Weight of sample in pycnometer at 25°C 

Apparent specific gravity at 25725 C - height of water in pycnometer at 25’C 


D. Notes: 

1. Once the water weight is accurately established for a given pycnometer the 
calibration need not be repeated unless some change in the weight of the 
pycnometer assembly occurs. It is strongly recommended that the weight of 
each pycnometer, dry and empty, be taken before each determination. This 
precaution is an insurance against change in weight by chipping or accidental 
interchange of caps, etc. 

2. For conversion of apparent specific gravity of distilled glycerines from 25/25°C 
to other temperatures and for translation of specific gravity into per cent 
glycerine, the tables prepared by Bosart and Snoddy, Ind. & Eng. Chem., 19, 
pp. 506 et seq. (April 1927) are employed. These tables also permit calculation 
of true specific gravity and density from apparent specific gravity. It is ob¬ 
vious that these tables are applicable only to solutions of glycerol in which 
water is the only impurity. 

(See Table 7-1 in this Monograph.1 

A.O.C.S. Official Method Ea 8-50 
Moisture 

Karl Fischer Volumetric Method 

Definition: This method determines the actual water content of glycerol by titra¬ 
tion with Fischer reagent which reacts quantitatively with water. 

Scope: Applicable to distilled glycerines. May be used with any glycerol-water so¬ 
lution which evidences no interfering reaction or color. 

A. Apparatus 

1. Volumetric flask, 1,000-ml. 

2. Pipets, 10-ml. 

3. Erlenmeyer flask, 125-ml. 
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4. Buret and bottle assemblies (or any other convenient arrangement) which will 
maintain Fischer reagent, anhydrous methanol and methanol-water standard 
free from contamination with moisture either through the atmosphere or 
otherwise. 

B. Reagents: 

1. Fischer reagent prepared by mixing: 

502 g anhydrous pyridine, Barrett’s 2A refined, E. K. Co. No. 214-H or equiva¬ 
lent. 

102.5 g sulfur dioxide, anhydrous. 

202 g iodine, reagent quality. 

1,000 ml anhydrous methanol 

Discharge the SO* from a drum through a tube into and beneath the surface of 
the pyridine. This mixture is stable and may be prepared and held as a stock 
solution. When ready to use add the methanol and cool under tap water. Then 
add the iodine a few g at a time, stopper and shake under a cold water tap until 
the iodine is dissolved. The flask is stoppered to prevent absorption of moisture. 
If the soln. is not kept cool or if the iodine is added too rapidly, the reaction 
will get out of hand. Allow the reagent to stand 24 hours before standardizing 
or using and protect at ull times from the air and moisture. 

2. Anhydrous methanol: This absorbs water very rapidly and must always be well 
protected. 

3. Methanol-water standard: 

a. Weigh accurately 10.000 g of distilled water in a beaker and pour into a 1,000 
ml. volumetric flask. Rinse the beaker thoroughly with anhydrous meth¬ 
anol and pour rinsings into flask. 

b. Add sufficient anhydrous methanol to bring the volume to 1,000 ml. Each 
ml of this solution then contains 0.0100 g of water in addition to the original 
water contained in the methanol. This standard must be protected from any 
change in concentration due to contamination, evaporation, or water ab¬ 
sorption. 

c. Determine the total water content of the methanol standard as follows: 

(1) Titrate a 10-ml portion of the methanol-water standard with Fischer 
reagent - A. 

(2) Titrate 10-ml portion of the anhydrous methanol used in preparation 
of the standard with Fischer reagent = B. 

0.1 B 

(3) Grams of water in 10 ml of standard = 0.1 + £ _ p - C. 

Example: 

A = 20 
B - 1.5 
C = 0.1081 

This factor must be established with each lot of standard immediately 
after preparation. When this is done it is not essential that the same 
methanol be used in the standard as is used for dissolving t he glycerine 
in the determination. 

4. Standardization of Fischer Reagent: 

a. Pipet two or three 10-ml portions of the methanol-water standard into 125-ml 
Erlenmeyer flasks. Stopper immediately and keep stoppered until ready to 
titrate. 
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b. Fill Fischer buret and discard first 2 or 3 ml at tip of buret. Be sure that the 
buret is entirely dry before reagent is introduced. 

c. Titrate the standard with the reagent, rotating the flask just enough to 
keep the color dispersed. Add the reagent in increments of 0.2 ml when 
nearing the end-point. The end-point is the change from yellow to red and 
the red should persist for at least 5 minutes when flask is stoppered imme¬ 
diately after reaching the end-point. 

d. Grams of water titrated by 1 ml of Fischer reagent = 

C [from B, 3, c (3)1 _ D 

Ml of reagent required 

Freshly prepared Fischer Reagent should have a water-equivalence of 0.004 
to 0.005 g per ml. The reagent must be restandardized daily because there is 
usually a slow but gradual decrease in the water equivalence. 


C. Procedure: 

Caution: Glycerine absorbs water very rapidly so that the sample must be 
protected from the atmosphere at all times. 

1. Weigh into a 125-ml Erlenmeyer flask a sample of such size that from 10 to 40 
ml of reagent will be required, usually 1 to 10 g (see Note 1). 

2. Add 10 ml of anhydrous methanol and titrate immediately with Fischer Re¬ 
agent, rotating the flask just enough to keep the color dispersed. Titrate to the 
first appearance of a red color, which will persist for 5 minutes when the flask 
is stoppered immediately after reaching the end-point (see Note 2). 

3. Determine a blank on 10 ml of the anhydrous methanol which was used as the 
solvent. The titration of the blank should not exceed 5 ml. 


D. Calculation: 


Moisture % 


(Titration of sample — titration o f blank) X (D from B, 4, d) X 100 

Weight of sample 


E. Notes: 

1. When the sample contains large amounts of moisture (over 15 to 20%), weigh 
an appropriate amount into a volumetric flask, make to volume with anhydrous 
methanol, mix and titrate a convenient aliquot. 

2. This procedure, employing a visual end-point, is not intended to preclude the 
use of any satisfactory potentiometric apparatus, of which several are avail¬ 
able. The use of a closed system, with mechanical stirring, is to be encouraged, 
although it is not essential to accurate analysis. The method prescribed will 
yield satisfactory results on any distilled glycerine not too dark in color to 
obscure the visual end-point. 

A.O.C.S. Official Method Da 23-48 
Glycerol [In Soapl 

Definition: This method determines the free glycerol in the sample as well as any 
oxidizable material remaining after the purification. 

Scope: Applicable to all soaps and soap products. 
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A. Apparatus: 

£ £££«£."td >000 1 . accurately ca.lbrated to contain the sped- 
fied quantities. 

£ SJ^Tind 50 ml. The 25- and 50-.nl plpets are accurately calibrated to 

deliver the specified quantities. 

5 . Filter paper, qualitative grade, convement sue. 

B. Reagents 

1 . Silver sulfate, A.C.S. grade. 

2. Sulfuric acid, A.C.S. grade, ®P • * 1<84 ) with 4 volumes of 

3 . Sulfuric acid (1:4). Dilute 1 volume of H,bU« (sp gr 

distilled water. soln . q( ki in disti n e d water. 

“rJh.. u» end-point 

. " *■ 

hv dissolving 24.8 g in distillled water and diluting to 1 iter. 

7 - ^rndt^n^ 

74 543 g in distilled water and make to volume m a 1 -liter volumetric flask. 
Each ml of this soln. is equivalent to 0.01 g of glyeerol. , , 

JVote: A standard sample of potassium d.chromate with a oert.ficate of ana y 
sis may be obtained from the National Bureau of Standards at Washington, 
D C This sample is strongly recommended as the primary sianda 
method. Treat as directed in the certificate of analysis accompanying the 

m 'staruiardizalioh: Pipet 25 ml of standard K,Cr,0, soln. into 1000-ml vol “- 
metric flask, add 100 ml of distilled water 25 ml of H.SO. (sp_grrl M ). and 
to volume at 25°C with distilled water. Mix well and p.pet 50 ml into a 400 ml 
beaker, add 20 ml of KI soln. and 50 ml of distilled water. Titrate with 0.\N 
Na-SjOj using starch indicator soln. as directed in C, 6 . 

Ml standard KjCrjOj soln. per ml 0.1 AT Na&Os - 

Ml standard K 2 Cr ? 0 7 soln. taken 


20 X ml 0.1 N N&sSzOj soln. required 


C. Procedure: 

(a ) In the Absence of Sugars. 0 A „ . 

1. Weigh accurately a portion of sample containing not more than SV g oi 
glycerol in a 600-ml beaker and dissolve in 200 ml of hot distilled water. 

Note: If starch is present, remove the alcohol-insoluble matter as directed 
in A O.C.S. Official Method, Da 3-48, and use the alcohol soln. Add a 
volume of distilled water equal to about % the volume of the alcohol 
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present. Evaporate on a steam or water bath until the total volume is 
reduced to ca of its original amount. Add the same amount of water 
and evaporate to the same volume once more. If starch is absent, proceed 
from 1 to 2. 

2. Add 25 ml of dilute HjS0 4 (1:4) and boil gently for 20 to 30 minutes to 
remove any traces of alcohol which might remain. 

3. Cool until the fatty acids are solid, remove the cake and wash it thoroughly 
with distilled water. Add ca 0.25 g of Ag*SO« to precipitate traces of 
chloride and soluble fatty acids. Filter through a 61ter paper into a 500-ml 
volumetric flask. Wash the paper thoroughly with distilled water and then 
make to volume at 25°C. 

4. Mix well and pipet 50 ml into a 400-ml beaker, add 75 ml of KtCrtOi sola, 
and 25 ml of HjSO« (sp gr 1.84), cover with a watch glass and heat at 00 
to 100°C for 3 hours. Cool, transfer the soln. to a 1000-ml volumetric flask 
and make to volume with distilled water. Mix thoroughly, withdraw a 
50-ml aliquot of this soln., add 20 ml of KI soln. and about 50 ml of dis¬ 
tilled water. 

5. Titrate with O.liV Na*SiO», adding it gradually with constant stirring. 
Continue until the color has almost disappeared. Add 0.5 ml of starch 
indicator soln. and continue the titration until the blue color has just 
disappeared. 


6 . Glycerol, % - 


1 0 X (A - 20B C) 
Weight of sample 


A - ml standard KjCrjOj soln. added 

B - ml 0.1A f NaiSjOj soln. required 

C - ml of KjCrjO? equivalent per ml 0.1 N Na*SjO> from B, 7. 

(b) In the Presence of Sugars. 

1. Weigh accurately a portion of sample containing not more than 3.0 g of 
glycerol and sugars into a 600-ml beaker and dissolve in 200 ml of hot dis¬ 
tilled water. 

Note: If starch is present, the alcohol-insoluble and water-insoluble 
matter must be removed as directed in A.O.C.S. Official Methods, Da 3-48 
and Da 6-48, preserving and using the alcohol and water solns. Combine 
and evaporate on a steam or water bath until the total volume is reduced 
to ca K of > ts original amount. Add an amount of distilled water which 
will bring it to its original volume and again evaporate to the same point 
sis before. If starch is absent, proceed directly from 1 to 2. 

2. Continue as directed in (a) 2, and determine the ml of K,Cr,(), required 
to oxidize the combined glycerol and sugars. 

3. Determine the sugars as directed in A.O.C.S. Official Method, Da 24-48. 


10 X (A - 20BO % s ugars foun d 

4. Glycerol, % - Wpight of 1.141 


After a cooperative study of the disagreements between the acetin, 
dichromatc and specific gravity methods of glycerol analysis, the Glycerine 
Analysis Committee of the American Oil Chemists’ Society reported that, 
(a) The apparent glycerol content calculated from the specific gravity by 
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apparent glycerol from spec.fic gravity*. 

Physical Methods 

A number of physical methods may be used to determine the^puntyjf 

glycerol in which water is the only impurity present in ‘l uant, ^ P*te 
• „f snecific gravity is by far the most commonly used method of 

ST midisfc cite to ±0.02 per cent of glycerol. The procedure has 

bE Retractive index P measurement may ulso he used for the assay of glyc- 
„ rol solutions. Hoyt* 0 used a multiprism dipping refractometer and attained 
an accuracy of ±0.1 per cent of glycerol at 20 ± 0.1‘C. H,s refractive 
index data are given in Table 7-67. Matumoto” used measurement of the 
refractive index as a method of determining glycerol in the presence of 

NaCl and Na,CO, in aqueous solutions. 

Schmidt and Jones” based a moisture determination method on the 
conductivity curves of electrolytes dissolved in glycerol. Grun and Wirth 
used the determination of boiling point as an indication of the water con- 

tent of glycerol. . . 

When significant quantities of other impurities are present in addition 

to water, the above physical methods are ordinarily not applicable. Water 
in such samples (as well as in purer samples) may be determined by evap¬ 
oration or by distillation with an immiscible liquid. The use of a third 
liquid has the disadvantage that a small amount of glycerol is carried over 
and measured with the water. Toluene may be used to carry out water as 
in the Bidwell-Sterling method of moisture determination. Hoyt and Clark 41 
used toluene as the boiling liquid for the determination of water in con¬ 
centrated glycerol. On samples containing up to 10 per cent of water, the 
correction for the amount of glycerol carried over was found to be -0.15 
per cent or less. Berth" used boiling tetrachoroethane to remove water 
from glycerol. Govan 34 used methanol to aid in the evaporation of water 
at low temperatures from crude glycerol and soap lyes. Methanol is added 
to an aliquot of diluted glycerol. Both water and methanol are evaporated 
at 100°C to constant weight. Tests showed that the amount of glycerol 
lost under these conditions is negligible. A second aliquot is dried under 
specified conditions at 160°C under an infrared lamp. At this temperature 
both glycerol and water are removed. The difference between the two 
determinations is the amount of glycerol in the sample. Butanol is used in 
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another distillation method for the determination of water in glycerol 42 . 
Kolthoff 43 used the temperature at which a glycerol solution becomes 
immiscible with aniline as a method for determining its water content. The 
change in dielectric constant as the concentration of an aqueous glycerol 
solution changes can also be used as a rapid means of water determination 9 . 

The determination of water by reaction with calcium carbide and meas¬ 
urement of the acetylene evolved does not give consistent results and 
cannot be carried to completion without causing decomposition of the 
glycerol 84 . 

Spaeth-Hutchison Method for Water. Spaeth and Hutchison 84 investi¬ 
gated several methods of determining water in glycerol and developed a 
method involving evaporation of the water with heat and low pressure. 
This method is especially useful with crude glycerol containing larger 
amounts of trimethylene glycol 71 . Their apparatus is shown in Figures 
6-3 and 6-4. 

The flask F containing water serves as a steam bath to keep the sample tube R 
at 100°C. The U-tube T should always be filled before the ground-glass joints are 
lubricated and these surfaces protected from solid particles with a cylinder of paper 
during the filling. The desiccant is anhydrous magnesium perchlorate, held in place 
by wads of glass wool (not cottonl). The sample tube R is fitted with a #8 stopper 
and a wad of glass wool, 40 to 50 mm deep packed in the bottom. It is then dried in 
an oven at 95 to 100°C. After drying, it is stoppered, cooled and weighed to the nearest 
milligram. It should be opened momentarily before weighing to bring the internal 
pressure to normal. Weigh 3 to 5 grams of sample onto the glass wool, protecting the 
glycerol solution from atmospheric moisture and being sure that none gets on the 
side of the sample tube. Before putting the sample tube in place, start the vacuum 
pump with stopcock G closed, cocks E, A, and B open and cock C connecting R with 
the U-tube T. Run the vacuum pump for 5 to 10 minutes. This serves to dry out the 
system and to bring the U-tube T to the proper condition for weighing. To release 
the vacuum, close cocks E and A, stop the pump, open cock G; turn cock C to allow 
air to enter T slowly through H and J; close cock B. 

Place the dephlegmator D, which has been dried in an oven, in the sample tube R. 
Connect R to the weighed U-tube T through the cock C, and put in place in the 
flask F. Make the water connections to D and apply heat to F. Close the cock G, 
open E, A, and B, and turn C to connect R with T. Start the vacuum pump and con¬ 
tinue the dehydration for 45 minutes, accurately timed. Release the vacuum as de¬ 
scribed above. After turning C so that R is closed off, remove T and weigh to 0.1 mg. 
Inspect H occasionally to see that it is not clogged. 

Restore T to the apparatus, close cock G and open A. Start the pump, turn C to 
connect R to T, then open the cocks B and E. Continue the dehydration for 15 minutes 
and then weigh T as before. At least two periods of 15 minutes should be used to 
determine the completion of the dehydration and to estimate the gain due to leakage 
of the apparatus. The leakage gain should be constant within a few tenths of a milli¬ 
gram and be less than 1.5 mg. Results are calculated as follows: 

(w - gw 

--— = Per cent moisture 

Wt. of sample 
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in which W = total weight gained by U-tube 

T = total time elapsed in minutes . . , 

C = average correction due to leakage for a 15-mmute period 
The dehydration is rapid for the first 30 to 45 m.nutes after wh ch .t change 
sharply. The weight gain of T becomes small but constant and .s due to leakage. 



Figure 6-3. Diagram of assembled Spacth-Hutchison apparatus. 


A, B. 

C. 

D. 

E. 

F. 

G. 

H. 

J. 


Stopcocks of U-tube 

Three-way stopcock, Arthur H. Thoinus Co., catalog No. 9294 
Dephlegmator (details Figure 6-1) 

Stopcock closing manometer 
Flask (details Figure 6-4) 

Stopcock opening to atmosphere 

Drying cylinder, height 260 mm., charged with potassium hydroxide pellets 

to exclude atmospheric moisture when vacuum is released 

Bubble counter, half-611ed with light oil (Nujol) to control rate of release of 


vacuum 

K. Manifold for double apparatus 

L. Y-tube for double apparatus 

M. Mercury manometer 

N. T-tube 

O. Liebig condenser, 250-mm. size 
R. Sample tube (details Figure 6-4) 

T. U-tube, 150-mm. size with glass stopcocks 


The leakage correction must be made for each run, as it varies slightly depending 
upon tightness of the apparatus. 


Chemical Methods 

Acetylation. Glycerol can be quantitatively converted to triacetin. Acety¬ 
lation may be accomplished by refluxing with acetic anhydride and fused 
sodium acetate, by heating with acetic anhydride in pyridine and by heating 
with acetyl chloride in pyridine. These reactions are the bases of several 
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methods of glycerol analysis. Hydroxy compounds, such as trimethylene 
glycol, in the glycerol will also be acetylated and appear as glycerol in the 
analysis. 

Acetylation with acetic anhydride and fused sodium acetate is the most 
widely used and generally accepted method of analysis. The A.O.C.S. 
method is described in detail on page 184. 

Acetylation with acetic anhydride dissolved in pyridine, sometimes 
known as the Verley-Bolsing method 91 , provides a method that is simpler 
and faster than that using acetic anhydride and sodium acetate. Improve¬ 
ments in the method, designed to make it more accurate than the con¬ 
ventional method with acetic anhydride and sodium acetate have been 


SAMPLE TUBE FLASK 
(R) (F) 



OEPHLECMAT OR 
(D) 


FRONT 

VIEW 


SIDE 

VIEW 



Figure 6-4. Detail of sample tube, flask, and dephlcgmator. 


made by Pohle and Mehlenbacher* 3 . The average of several analyses of 
C.P. glycerine which contained 95.0 per cent of glycerol was 94.97 per cent, 
and the standard deviation was ±0.3 per cent. The details of this follow. 

Apparatus 

Glass stoppered flasks, 300-ml. 

Buret, 50-ml, accurately calibrated. 

Pipet, 5-ml. 

Graduated cylinder, 25-ml. 


Reagents 

Acetic anhydride-pyridine reagent, 1 volume of reagent quality acetic anhydride 
(assay minimum 95 per cent) and 6 volumes of pyridine, Barrett’s 2A-refined or East¬ 
man Kodak Company, 214, b.p. 113.5 to 115.5°C. 

Alcoholic potassium hydroxide solution, 0.32A, to 0.35A U.S.S.D. Alcohol Formula 
No. 30 is satisfactory. 

Isobutyl alcohol, reagent quality. 

Phenolphthalein indicator solution, 1.0 per cent in 95 per cent alcohol. 
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Procedure 

Weigh accurately into a 300-ml glass stoppered Erlenmeyer Husk 0.10 to 0.15 g 
of samples containing about 95 per cent glycerol or 0.12 to 0.18 g of samples » * 
about 80 percent glycerol. Add 5 ml of acetic anhydride-pyridine reagent with a pipet. 
Prepare and conduct a blank determination simultaneously with the sample, 
blank is not heated on the steam bath. Moisten the stopper with pyridine, place 
loosely in the flask and set the flask on a well-fitting hole on a steam bath. Loosen the 
stopper two or three times during the first three or four minutes the flask is on the 
steam bath so as to relieve the pressure. Then insert the stopper tightly and heat 01 
30 to 40 minutes. Remove the flask from the steam bath, cool at room temperature 
for one to three minutes and then add 5 ml of distilled water. Let the water run down 
over the stopper and sides of the flask. Replace the stopper and heat on the steam bat h 
for one to two minutes. Remove the flask from the steam bath, cool at room tem¬ 
perature for 10 to 15 minutes and add 25 ml of isobutyl alcohol, allowing the alcohol 
to wash down the stopper and sides of the flask. Titrate with the alcoholic potassium 
hydroxide using 0.5 ml of phenolphthalein indicator solution. 


Calculations: 

B - ml of alcoholic potassium hydroxide required to titrate blank. 
S - ml of alcoholic potassium hydroxide required to titrate sample. 
N - Normality of alcoholic potassium hydroxide. 

\V - Weight of sample in g. 

B - S X N X 3.07 

% glycerol - - - - 


The presence of water in a sample to be acetylated results in excessive 
use of acetylating reagent. Pohle and Mehlenbacher recommend that the 
sample have a concentration of at least 80 per cent although they were 
able to obtain satisfactory analyses with samples of 60 per cent concentra¬ 
tion. Concentration of dilute samples by distillation may cause some loss 
of glycerol in the distillate, but evaporation of water at temperatures be¬ 
low 80°C will not cause loss of glycerol. Shaefer 78 dehydrated samples 
containing as little as 1 per cent of glycerol by distilling the water out with 
pyridine. The pyridine forms a hydrate, C*HsN-3H*0, which has a con¬ 
stant boiling point of 94.4°C. For complete dehydration, the distillation 
should be continued to 110°C. This method is also applicable to ethylene 
glycol. Moore and Blank 57 , using the method of Shaefer, found that a 
factor of 0.993 represented the extent of acetylation of C.P. glycerol as 
compared with the standard analysis by specific gravity determination. 

Acetyl chloride (1.5 mol in 1 liter of toluene) in the presence of pyridine 
has been used for the quantitative acetylation of hydroxyl groups 82 . The 
excess acetyl chloride is hydrolyzed, the reaction mixture titrated with 
alkali and the value obtained by difference from the blank. The accuracy of 
the method compares favorably with that of the acetic anhydride-pyridine 
method, and the reaction rate is more rapid. Also, there is less interference 
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by aldehydes. However, the precision of the method is ±0.5 per cent, as 
compared to ±0.2 per cent for the acetic anhydride-pyridine method. 

Dichromate Oxidation. The determination of glycerol by oxidation with 
chromic acid (potassium dichromate with an excess of sulfuric acid) is 
an old and well-established method. It is based upon the following reaction, 
which is quantitative. 

3C,H 4 (OH), + 7K,Cr,0, + 28H*SO« — 9CO, + 40H,O + 7Cr,(S0 4 ). + 7K,SO« 
or, more simply 

CiHft(OH). + 70 — 3CO, 4- 411,0 

The amount of unused dichromate may be determined by various titri- 
metric procedures and from this the glycerol corresponding to the used 
dichromate is calculated. The principal methods are given below. Another 
method of estimating the glycerol is by measuring the CO 2 formed. A 
procedure for this has been developed by Fachini and Somazzi and is given 
in the book by Lawrie 46b . 

Impurities oxidizable by chromic acid will appear as glycerol in the 
analysis. Trimethylene glycol, and other glycols, are not easily separated 
from glycerol and so must be accounted for by special procedures. See 
Periodate Oxidation (page 206) and Determination of Trimethylene Glycol 
(page 219). Other interfering compounds such as chloride, aldehydes, fatty 
acids and protein, which are present in crude glycerine may be removed 
with silver carbonate and lead subacetate. The method of purification is 
given in the A.O.C.S. Method Ea5-38 on page 187. 

When determining glycerol in the salt separated from crude glycerine, 
the salt causes the result to be about 0.2 per cent too high. Chlorides may 
be removed by the following treatment 92 . Weigh approximately 50 g 
± 0.01 g of sample into a 500-ml volumetric flask. Dissolve and dilute to 
volume with water. Allow insoluble matter to settle. Pipet a 50-ml 
aliquot into a 500-ml tall form beaker and evaporate to a pasty con¬ 
sistency on a steam bath. Slowly add 30 ml of concentrated sulfuric acid 
and let stand on the steam bath for about 1 hour after the frothing has 
ceased. Cool the sample and proceed with the dichromate oxidation. 

The dichromate method, together with the acetin method and the de¬ 
termination of specific gravity, are the generally accepted methods of 
glycerol analysis. 

The dichromate method of the American Oil Chemists’ Society has been 
described on page 187. In this method the unused dichromate is measured 
by addition of potassium iodide and titration of liberated iodine with 
sodium thiosulfate. A second method of measuring unused dichromate is 
by titration with a solution of ferrous ammonium sulfate. For this titra- 
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tion diphenyl amine may be used as the indicator. This latter procedure 
has been applied in a rapid method for the determination of glycerol in 
soap 70 - The dichromate-ferrous ammonium sulfate titration can also be 
made electrometrically 69 . Dichromate in concentrated nitric acid has also 
been used for the analytical oxidation of glycerol, excess dichromate being 
back-titrated with ferrocyanide solution" 

The official method 7 of the Association of Official Agricultural C hem- 
ists for the determination of glycerol in foodstuffs and agricultural mate¬ 
rials uses dichromate oxidation and titration of unused dichromate with 
ferrous ammonium sulfate. Omitting methods of extraction and purification, 
which vary with each type of material, the method is essentially as follows. 

A.O.A.C. Method for Determination of Glycerol 


Reagents: 

(a) Strong Potassium Dichromate Solution. Dissolve 74.55 g of dry, recrystallized 
K,Cr,Or in water; add 150 ml of H^O« (sp. gr. l.W); cool, and dilute with water to 
1 liter at 20°. One ml of this solution - 0.01 g of glycerol. Owing to the high coef¬ 
ficient of expansion of this strong solution it is necessary to make all volumetric 
measurements at the same temperature. 

(b) Dilute Potassium Dichromate Solution. Dilute 25 ml of (a) at 20° to 500 ml at 
room temperature. Twenty ml of this solution - 1 ml of (a). 

(c) Ferrous Ammonium Sulfate Solution. Dissolve 30 g of FeS0 4 -(NH 4 )-S0 4 -6Hi 0 
in water; add 50 ml of HjS0 4 (sp. gr. 1.84); cool, and dilute with water to 1 liter at 
room temperature. One ml of this solution - approximately 1 ml of (b). As its value 
changes slightly from day to day, it must be standardized against (b) whenever used. 

(d) Diphenyl Amine Indicator. Dissolve 1 g of diphenyl amine in 100 ml of H 2 S0 4 
(sp. gr. 1.84). 

(e) Retarder. Dilute 150 ml of H»P0 4 (85 per cent by wt.) with 600 ml of water, 
and add 250 ml of H*S0 4 (sp. gr. 1.84). 


Determination 

Introduce the purified sample or glycerol extract, containing not over about 0.17 
grams of glycerol, into a 250 ml volumetric flask. Water is added to make a volume of 
about 50 ml. Add 30 ml of Reagent (a). Add carefully 24 ml of HjS() 4 , rotating the flask 
gently to mix contents and avoid violent ebulition, then place in a boiling water 
bath for exactly 20 minutes. Remove flask from bath, dilute, cool, and fill to the mark 
at room temperature. The quantity of strong dichromate solution used must be 
sufficient to leave an excess of about 12.5 ml at the end of the oxidation. 

Standardize the Fe(NII 4 )j(S0 4 )j solution by pipetting 20 ml into a 250-ml beaker, 
adding 20 ml of retarder, 4 drops of the indicator, and about 100 ml of water. Titrate 
with the dilute KiCrjOj solution until the liquid assumes a dark green color, then add 
KiOjOt slowly dropwise, stirring continuously, until color changes from blue gray to 
deep violet. Designate ml of dilute KiCrjOr used as a. In place of the dilute KsCr«Oi 
solution, substitute a burette containing the oxidized glycerol and excess strong 
K 5 O 2 O 7 solution, and titrate 20 ml of the Fe(NH 4 ) : (S0 4 ) 2 solution as before, desig¬ 
nating ml used as b. 

From the figures obtained, the glycerol may be calculated by the following for- 
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mul a: 

- (• - 

in which G = grams of glycerol in the sample, and D = ml of the strong K^CrjO? 
used. If an aliquot of the sample was used, the figure 0.01 will become 0.02, 0.05, 
etc. if the aliquot was M, etc. 

In a micro method for determining glycerol described by Raveux 73 , 
superheated ethanol vapors are used to distill glycerol from a dried sample, 
(see page 168.) The glycerol is then oxidized with dichromate. 

Periodate Oxidation. Periodic acid has the ability to oxidize selectively 
aliphatic compounds containing hydroxyl groups on adjacent carbon atoms, 
while leaving many other hydroxy compounds unchanged 28 • 49 • M . The re¬ 
action is quantitative and may be used for analysis. With ethylene glycol, 
two moles of formaldehyde are formed; with glycerol, two moles of formal¬ 
dehyde plus one mole of formic acid are formed; with propylene glycol, 
one mole each of formaldehyde and acetaldehyde are formed. Trimethylene 
glycol is not oxidized. The reactions with glycerol and with a 1,2-glycol are: 

CHiOH—CHOH—CHjOH + 2HJO. - 2CH,0 + H,CO, + 2HIO, + 5H,0 
R-CHOH-CHOH-R' + HJO* - RCHO + R'CHO + HIO, + 3H,0 

The oxidation may be made in either an acid or a neutral solution. The 
periodate solution may be prepared from either the para periodic acid, 
H 5 I()«, or from soluble sodium or potassium salt such as sodium meta 
periodate, NaIO«, orsodium para periodate Na*HjIO*. The following analyt¬ 
ical procedures are based upon these reactions. 

Periodate Oxidation in Acid Solution 

Reagents and Solutions: 

1. O.liV sodium thiosulfate solution. Standardize against arsenious oxide through 
0.1 iV iodine solution. 

2. Approximately 0.1JV potassium periodate solution (2.4 g KIO« per liter). 

3. Sulfuric acid, 10 per cent. 

4. Potassium iodide. C. P. crystals. 

5. Starch indicator solution. 

Procedure: 

1. Take a sample containing about 10 mg of glycerol in a 250-ml Erlenmeyer 
flask. It is convenient to take an aliquot from a volumetric dilution. 

2. Add 25 ml of 10 per cent HiSO«. 

3. Add 25.00 ml of KIO« solution. 

4. Heat for 10 minutes in a boiling water bath. Stir frequently. 

5. Cool to at least 25°C. 

6 . Add about 2 or 3 g of KI. 

7. Add 100 ml of distilled water. 
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8 . Add 2 ml of starch indicator solution. 

9. Titrate with 0.1N thiosulfate solution. 

A blank determination is made along with the sample. 

Calculation: Subtract the thiosulfate titration of the sample from that of the 
blank. Multiply the difference in ml by 2.296 to obtain mg of glycerol in the sample. 

An excess of periodate is necessary for complete oxidat ion of the sample. The thiosul¬ 
fate titration gives a measure of the excess. Since only one-fourth of the periodate 
oxygen is used in oxidizing the glycerol, but all will react with thiosulfate, the thio¬ 
sulfate titration of the sample must equal more than three-fourths of the blank 
titration and preferably it should equal four-fifths of it. 

The amounts of some common polyhydric alcohols equivalent to 1 ml 

of 0.1 A r thiosulfate are 

Glycerol 2.296 mg 

Propylene glycol 3.348 mg 

Ethylene glycol 3.103 mg 

Sorbitol 1.836 mg 

To determine glycerol in a sample containing sugars, the sugars are 
first removed with barium hydroxide and alcohol and the glycerol (hen 
oxidized with periodic acid 27 . 

The periodate oxidation may be used to determine monoglycerides in 
fats 37 , 66 . After determining both monoglyceride and total glycerol after 
hydrolysis, the proportions of mono-, di-, and triglyceride in a mixture ol 
the three can be calculated 89 . Rapid methods of determining free glycerol 
in soap, suitable for routine analyses, and making use of the periodate 
oxidation have been reported by Pohle et a/.* 7 . 

Periodate Oxidation in Neutral Solution. Since the production of formic 
acid from glycerol as well as the utilization of periodic acid are both quan¬ 
titative, and the formic acid is not produced by glycols, glycol and glycerol 
can be quantitatively determined by a single oxidation in neutral solution. 
A second glycol, if not oxidized by periodate, can be determined by sup¬ 
plementing the periodate oxidation with a dichromate oxidation 3 . The 
method is as follows: 

Reagents and Apparatus: 

Standard sodium thiosulfate solution, 0.2A'. Potassium dichromate solution, 24 g 
per liter. Potassium iodide solution, 20 per cent by weight. 

Periodic acid solution, approximately 0.05A', as a monobasic acid. Dissolve 11 g 
of periodic acid (The G. Frederick Smith Chemical Company, Columbus, Ohio) in 
distilled water, dilute with distilled water to 1000 ml, and filter through a sintered- 
glass filter. Store the solution in a dark-glass bottle and keep closed with a glass 
stopper. This solution decreases slowly in oxidizing power with time. A blank on the 
solution must be run each day that analyses are made. 

Standard sodium hydroxide solution, 0.1A’. 

Erlenmeyer flasks, capacity 1000 ml. Glass-stoppered flasks are preferred, but 
rubber stoppers may be used if care is taken that no solution comes in contact with 
the rubber. Erlenmeyer flasks, with ground-glass joints, capacity 500 ml. 

Glass electrode pH meter. Any suitable apparatus is satisfactory. 
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Procedure: 

Acidimetric-Iodometric. In order to insure the necessary excess periodic acid, 
the sodium thiosulfate required for a sample should not be less than four-fifths of the 
sodium thiosulfate required by the blank. For 50 ml of 0.05N periodic acid, this cor¬ 
responds to about 0.09 g of glycerol and 0.125 g of ethylene glycol. Take a sample of a 
size that will not contain oxidizable matter in excess of that equivalent to 0.09 g 
of glycerol. Dilute the sample to 50 ml in a 1000-ml Erlenmeyer flask. Pipet in exactly 
50 ml of the periodic acid solution and mix. Stopper with a glass or rubber stopper and 
allow to stand for 40 to 80 minutes at room temperature. 

At the end of the oxidation period, add about 100 ml of distilled water and mix. 
Titrate in the flask with 0.1 N sodium hydroxide. Run in about 20 ml of the sodium 
hydroxide and then add exactly 2 drops of methyl red indicator solution. Do not add 
more than this quantity of indicator. Continue the titration to the disappearance of 
the pink color. As the end point is approached, the sodium hydroxide solution must 
be added drop by drop and the color of the solution observed carefully. Make all 
buret readings to 0.01 ml. 

Take the solution that has been titrated, and add 150 ml of distilled water, 30 ml 
of 20 per cent potassium iodide solution, and 25 ml of QN sulfuric acid. Titrate the 
solution with 0.2iV sodium thiosulfate to a light orange color. Add 2 ml of fresh starch 
indicator solution and titrate to the disappearance of the starch-iodine color. When 
the titration is completed, the solution is colored pink owing to the methyl red in¬ 
dicator present. The end point is very sharp, and care must be taken that it is not 
overrun. Make all buret readings to 0.01 ml. 

Run a blank using 50 ml of distilled water instead of the sample and do both the 
acidimetric and iodometric titrations. 


Calculation: 

1 ml of N sodium hydroxide - 0.09206 g of glycerol (acidimetric) 

Let B - ml of sodium hydroxide for blank on the periodic acid solution 
A - ml of sodium hydroxide for sample 
Then 


(A — B) X acidimetric glycerol factor X normality X 100 
weight of sample 


% of glycerol 


G 


1 ml of iV sodium thiosulfate = 0.023015 g of glycerol (iodometric by periodic acid). 
Let B' - ml of sodium thiosulfate for blank, A' = ml of sodium thiosulfate for 
sample 
Then 

(B' - A 1 ) X iodometric glycerol factor X normality X 100 _ ^ 

weight of sample 

where T = glycerol and ethylene glycol calculated as % of glycerol 
If E = % of ethylene glycol, then E = 1.348 (T — G). 


Dichromate Oxidation. In case the solution contains a third glycol, which is not 
oxidized by periodic acid, it may be determined by a separate dichromate oxidation. 
Diethylene glycol is an example of such a compound. 

Take a sample one half the size of that taken previously and dilute to 25 ml with 
distilled water in a 500-ml Erlenmeyer flask with an interchangeable ground-glass 
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connection. Pipetin25 ml of potassium dichromate solution containing 24 g of potas¬ 
sium dichromate per liter and measure in 40 ml of concentrated sulfuric act • 
few glass beads, connect the flask with a water-cooled condenser and boil vigorous y 
on a g hot plate for 20 minutes. Rinse down the condenser and walls of the flask, co 
,o room temperature, and dilute to about 300 ml with distilled water. Add 10 ml 
_ f 20 Der cent potassium iodide solution, mix, and titrate with 0.2A sodium thios 
fate until the color of the solution becomes lighter. Add 1 ml of starch indicator solu¬ 
tion and continue the titration to the end point, which is a change from a dark opaque 

to a clear green color. ... , 

Run a blank using 25 ml of distilled water instead of the sample. 


Calculation: 

1 ml of N sodium thiosulfate - 0.006576 g of glycerol (dichroraate oxidation) 
Let B = ml of sodium thiosulfate for blank, A = ml of sodium thiosulfate for 
sample 
Then 

(B - A) X dichromate glycerol facto r X normality X 100 
weight of sample 

X m glycerol, ethylene glycol, and diethylene glycol calculated ns % of glycerol 

(X - T) X 0.807 - % of diethylene glycol. 

Potentiometric. Titrate a solution of 50 ml of the periodic acid solution in 150 ml 
of distilled water with 0.1 A r sodium hydroxide, using a glass electrode pH meter to 
follow the change in pH. Determine the 6rst equivalence point by noting the maxi¬ 
mum change in pH with addition of sodium hydroxide. This equivalence point will 
be found to occur at a pH of about 5.5. Add more 0AN sodium hydroxide, equal to 
the volume required to reach the first equivalence point, and measure the pH of the 
solution. This will be about 10.0. 

Oxidize a solution of the sample with periodic acid as described above. Dilute with 
100 ml of distilled water and titrate with 0.lA r sodium hydroxide to the first equiv¬ 
alence point, using the glass electrode pH meter to locate the point as in the blank. 
Record the volume of 0.LV sodium hydroxide used, A. Continue the titration with 
O.lAf sodium hydroxide to the pH found for the second equivalence point of the blank. 
Record the volume of sodium hydroxide as X. 


Calculation: 

1 ml of N sodium hydroxide = 0.09206 g of glycerol = 0.06205 g of ethylene glycol 
Let B = ml of sodium hydroxide for blank at first equivalence point 
A = ml of sodium hydroxide for sample at first point 
X = ml of sodium hydroxide for sample at second point 

Then 


(A — B) X glycerol factor X normality X 100 _ . , , 

- 2 - . -:- = % of glycerol 

weight of sample 


(3 B — X — .4) X ethylene glycol factor X normality X 100 

weight of sample 


%of ethylene glycol 


The average error in this method of analysis was found to be 0.67 per cent for 
glycerol and 1.25 per cent for glycol. 
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A method of determining glycerol, propylene glycol and trimethylene 
glycol in admixture by periodate oxidation in neutral solution has been 
reported by Pohle and Mehlenbacher* 4 . The method follows: 

Analysis of Mixtures of Glycerol, Propylene Glycol, and 
Trimethylene Glycol 

Method 

Reagents for Glycerol: 

1. Periodic acid solution; dissolve 20 g of HJO», reagent grade, in 1 liter of dis¬ 
tilled II 2 0. If the solution is not clear, filter through a sintered glass filter. 
Store the solution in a dark, amber, glass-stoppered bottle. The oxidizing power 
of this solution decreases slowly with time, therefore, a blank must be run each 
day that the solution is added. 

2. Sodium hydroxide, 0.1250;V; standardized with potassium acid phthalatc, 
using phenolphthalein indicator. 

3. Phenolphthalein indicator solution; 1 per cent in 95 per cent alcohol. 

4. Methyl red indicator solution; 0.1 per cent in distilled water. 

5. Sodium hydroxide, about 0.05N; keep in a dropping bottle for easy dispensing. 

6 . Sulfuric acid, about 0.2N; keep in a dropping bottle for easy dispensing. 

Reagents for Propylene Glycol: 

7. Sodium thiosulfate, 0.08AT; dissolve 19.9 g of NajS*0»-5H»0, A.C.S. grade in 1 
liter of boiled and cooled distilled H,0. Store in a bottle that has been cleaned 
with dichromate cleaning solution and thoroughly rinsed with warm distilled 
HjO. Maintain solution in a dark, cool place. Never return to the stock bottle 
any portion which has been withdrawn. Standardize with potassium di- 
chromate. 

8 . Starch indicator solution. 

9. Potassium iodide solution; dissolve 200 g of KI, A.C.S. grade, in distilled HiO 
and dilute to 1 liter. 

10. Acetic acid, glacial, A.C.S. grade, 99.5 per cent. 

Reagents for Trlmethylene Glycol: 

11 . Acetic anhydride-pyridine reagent; pour into a clean, dry glass-stoppered 
bottle 1 vol. of reagent grade acetic anhydride (assay minimum 95 per cent) 
and 6 vols. of pyridine (Barrett’s 2-A refined or Eastman Kodak Co. 214, b.p. 
113.5 to 115.5°C). Stopper the bottle and mix by gentle shaking. Solutions 
over two weeks old should be discarded. Prepare fresh solution when it becomes 
colored. 

12. Alcoholic potassium hydroxide solution. 0.32N to 0.35.V KOH in 95 per cent 
(U.S.S.D. Formula No. 30 is satisfactory) ethyl alcohol, accurately standard¬ 
ized with potassium acid phthalate using phenolphthalein indicator. 

13. Isobutyl alcohol, reagent quality. 

Precautions: 

Flasks and bottles in which periodic acid solutions are prepared, mixed, or diluted 
must be glass-stoppered. Rubber stoppers and cork stoppers must never be used 
where periodic acid can come in contact with them. 
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Procedure for Glycerol: 

Weigh accurately about 0.5 g of sample, transfer to a clean 600-ml beaker, and add 
bout 50 ml of distilled H?0. Add one drop of the methyl red indicator, acidify with 
*bout 0.2.V H-SO« and then neutralize with about 0.05JV NaOH to the yellow color 
which corresponds to a pH of about 6.2. If the color of this solution interferes with the 
detection of the color change of the indicator, use the pH-meter and adjust to pH 6.2. 
Add 50 ml periodic acid solution from a volumetric pipet and shake gently to effect 
thorough mixing. Cover with a watch glass and allow to stand for 1 hour at room 
temperature. Dilute with distilled H,0 to 240 to 250 ml and titrate with 0.1250A 
NaOH using a glass electrode pH-meter to determine the endpoint (pH 6.2). During 
the titration stir with an electric stirrer to assure a uniform solution. As the end-point 
is approached add the alkali in increments of 0.1 ml to and past the end-point. Record 
the volume of the NaOH solution and the corresponding pH when within 0.1 to 0.2 
ml of the end-point and do likewise after passing the end-point. Reserve this solution 
for the determination of propylene glycol. 

Conduct a blank determination in an identical manner using the same amount of 
reagents except that the blank is titrated to a pH of 5.4 instead of 6.2. Reserve for 
determination of the blank in the propylene glycol procedure. 

Procedure for Propylene Glycol: 

Transfer, quantitatively, into a 500-ml glass-stoppered volumetric flask, the solu¬ 
tion reserved from the determination of glycerol, make up to volume with distilled 
water and mix thoroughly. Pipet 50 ml into a 300-ml Erlenmeyer flask, add 10 ml 
glacial acetic acid, mix and then add 10 ml of KI solution and remix. Allow to stand 
1 to 2 minutes. Titrate with 0.08 N sodium thiosulfate to the disappearance of the 
brown iodine color. Add 1 ml of starch indicator and continue the titration to the 
disappearance of the blue iodo-starch color. Read the buret to hundredths of a ml 
using a magnifier. Conduct a blank determination on the blank from the glycerol 
analysis in an identical manner using the same amounts of reagents. 

The titration of the sample should be more than 80 per cent of the blank. When 
the titration of the sample is less than 80 per cent of the titration of the blank, re¬ 
peat the determination using a smaller sample starting at the beginning with the 
glycerol analysis. When the difference between the titration of the blank and sample 
is small (less than 3 ml) the accuracy may be improved by taking a larger sample. 

Procedure for Trimethylene Glycol: 

Weigh accurately about 0.18 g of sample into a 300-ml glass-stoppered flask (See 
Note 1). Add 5 ml of acetic anhydride-pyridine reagent with a volumetric pipet. 
Moisten the stopper with a little pyridine, place loosely in the flask and set the flask 
on a well-fitting hole on a steam bath. Loosen the stopper 2 or 3 times during the 
first 3 or 4 minutes the flask is on the steam bath to relieve the pressure. Then insert 
the stopper tightly and heat for 30 to 40 minutes. Remove the flask from the steam 
bath, cool at room temperature for 1 to 3 minutes and then add 5 ml. of distilled H ; 0. 
Run the water down over the stopper and inside of the flask. Replace the stopper and 
heat on the steam bath for 1 to 2 minutes. Remove the flask from the steam bath, 
cool at room temperature for 10 to 15 minutes and add 25 ml. of isobutyl alcohol, 
washing down the stopper and sides of the flask. Add 0.5 ml of phenolphthalein 
indicator solution and titrate with the alcoholic KOH solution. Conduct a blank de¬ 
termination simultaneously and in an identical manner except that the blank need 
not be heated on the steam bath. 
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When the titration of the sample is less than 65 per cent of the titration of the 
blank, repeat the determination using a smaller sample. When the difference between 
the titration of the blank and sample is small (less than 3 ml) the accuracy of the 
analysis can be improved by using a larger sample. 


Calculation of Glycerol: 

1. Calculations for volume of alkali required to titrate sample and blank to their 
respective end-points: 


s. = S, + (S, - Si) X ^ 

pHj — prli 

Si = volume of alkali before end-point and pHi equals pH at Si. 

Si = volume of alkali after end-point and pH t equals pH at St. 

S M - volume of alkali at end-point and pH, equals pH at S,. 

The volume of alkali required to titrate the sample and blank is calculated in 
the same manner. In the former pH, — 6.2 and in the latter pH, — 5.4. 

2. Calculation of glycerol: 


Glycerol, % - 


(S - B)XN X 9.209 
W 


G 


S - ml sodium hydroxide to titrate sample. 

B «■ ml sodium hydroxide to titrate blank. 
iV - normality of sodium hydroxide. 

W - weight of sample, taken for glycerol determination. 
G - % glycerol. 


Calculation of Propylene Glycol: 

Total material reacting with periodic acid calculated as % glycerol - 


(g - S) X N X 23.02 _ D 
W 

B =* ml sodium thiosulfate to titrate blank. 

S = ml sodium thiosulfate to titrate sample. 

N - normality of sodium thiosulfate. 

W = weight of sample taken for glycerol determination. 
P = % propylene glycol. 

Propylene glycol, % - (D - G) X 1.6526 - P. 


Calculation of Trimethylene Glycol: 

Total acetylated material calculated as % glycerol 


C B-S)XNX 3.070 
W 


T 


B = ml alcoholic potassium hydroxide to titrate blank. 

S = ml alcoholic potassium hydroxide to titrate sample. 
AT - normality of alcoholic potassium hydroxide. 

W = weight of sample. 

Trimethylene glycol, % =1 {T - G) X 1.239) -P. 

T * total acetylatable calculated as % glycerol. 
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NOtC! . 4 . . *rim«'thvlene dycol is limited to solutions containing less 

»■ - u not quantitative en 

This method " "" ^ ^ ^ 

pylene glycol and about 1.0 per cent of tnmethylene glyc 

° th Mhp made to an end-point of pH 7.60 or to bromthymol blue. The prcs- 
oou| d bemad with the titration when the excess of periodate 

incorporated the use of ethylene glycol into 

a procedure for the estimation of glycerol, diglycerol and 
commercial “diglycerol.” The glycerol was determined by the formic 
titration. The amount of glycerol thus found was subtracted from the total 
oxidation value calculated as per cent glycerol. The remainder was dig yc- 
erol plus polyglycerol. With factors obtained experimentally by the oxi¬ 
dation of pure samples of diglycerol and polyglycerol, the concentrations 
of these two components were calculated. The method of analysis is give 

below. 

Estimation of Glycerol, Diolycerol and Polyolycerol in 
Commercial “Diolycerol”* 

Reagents 


Oxidants: 

(a) Periodic acid—H JO. (for total oxidation value)—11 g per liter— dissolved in 
200 ml distilled water and then 800 ml glacial acetic acid added. 

(b) Periodic acid—(for glycerol determination)—35 g per liter in distilled water. 
Store both reagents in glass stoppered amber bottles. 

O.IN Potassium hydroxide, aqueous solution. 

0.2W Sodium thiosulfate solution, standardized against potassium dichromate. 
25% Potassium iodide solution. 

50% Ethylene glycol (CP) in distilled water. 

Brom-thymol blue indicator—0.1 per cent in water. 

Starch indicator solution. 


Apparatus: 

Beckman pH meter (continuous recording) 
100 ml chamber burette—graduated in tenths 
5-, 10-, 20-, 25-, 50-ml pipets. 

500 ml Erlenmeyer flasks. 

600 ml beakers. 

500 ml volumetric flask. 
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Procedure 

(I) Determination of Per Cent Free Glycerol. It is essential that the optimum sam¬ 
ple is oxidized in order to give maximum accuracy. A preliminary sample, assumed 
to contain 100 per cent of glycerol (0.20-0.22 g) is oxidized according to the following 
scheme and the approximate per cent of glycerol calculated from equation (1). From 
this initial determination the correct sample weight is taken from the following 
table. 


Approximate Size of Sample Used for Analysis 


% Glycerol Present 


G in Sample 


G in SO-ml Aliquot 


0-10 


0.50-0.48 


10-25 

25-50 

50-75 

75-100 


4.8- 4.2 
4.2-3.5 
3.5-2.8 

2 . 8 - 2.0 


0.48-0.42 

0.42-0.35 

0.35-0.28 

0.28-0.20 


The approximate sized sample is weighed by difference into a 500 ml volumetric 
flask, the sample dissolved and made up to volume with distilled water. The pH of 
this solution must be adjusted to pH 6.2 (methyl red indicator) and any samples 
taken for analysis must be brought to this pH by the addition of 0.1 N acid or alkali 
in order not to interfere with the formic acid determination. 

A pipetted 50-ml aliquot of the solution to be oxidized is mixed with exactly 50 
mis of oxidant (b) in a 600-ml covered beaker. The solution is mixed by swirling and 
let stand for an hour. Then 5 mis of 50 per cent ethylene glycol-water solution is 
pipetted, mixed, and let stand for 20 minutes. Dilute the solution to 300 mis and 
titrate with O.liV KOH to pH 7.60, using the 100 ml chamber burette, and employing 
a pH-meter or 12 drops of brom-thymol blue indicator. Stir continuously and add 
alkali slowly toward the end-point. Record the volume of KOH used to the nearest 
0.01 ml (The brom-thymol indicator end-point is a sharp green to blue transition.) 

Run a blank with 50 ml of water in the same manner. Calculate the per cent of 
glycerol as given in equation (1) under calculations. 

(II) Determination of “Total Oxldizable as Per Cent Glycerol” Value. Pipette a 
25-ml aliquot of the solution used for the determination of free glycerol into a 500-ml 
Erlenmeycr iodine flask. Pipet in 50 ml of oxidant (a). Stir by gentle swirling and 
let stand for one hour. Add 18-20 ml of 25 per cent KI solution and titrate the liberated 
iodine with 0.2AT sodium thiosulfate to a starch-iodine end-point, using a 100-ml 
chamber burette. Record this reading to the nearest 0.01 ml. 

Run a blank and record the value. The difference between the sample and blank 
titrations must indicate the necessary excess for complete oxidation (equation 3). 
Where this difference indicates less than the 5:1 ratio required, a smaller aliquot or 
sample must be taken. 

Equation (2) gives the “total oxidizable value as per cent glycerol. 

(III) Determination of Water Content. The water content of the sample should 
be known so that corrections necessary in equation (4) can be calculated. The Karl 
Fischer method for water content is satisfactory and will be found A.O.C.S. 
Method Ea8-50 on page 194. 


Calculations: 

(ml KOH sample 


( 1 ) 


ml KOH blan k) X N of KOH X 0.09209 X 100 = 

% glycerol on “as-is” basis. 


g sample in aliquot 
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(ml NaiSjOa blank - ml Na^O, sample) X 23.02 X N N _M _ 
g sample in aliquot X 10 

"Total oxidizable as % glycerol" on as-is basis. 


ml NnaSaOa sample x m _ 7g% or greater. 
w ml NaiSaOa blank 

100 

(4) “Total oxidizable as % glycerol" or % free glycerol X m _ % Hj0 

corrected value on anhydrous basis. 


(5) (a) % Glycerol (corrected) + 0.4523 X % diglycerol + 0.2900 

(100 - % di-glycerol - % glycerol (corrected)] - . 

“Total oxidizable as % glycerol" (corrected). 


(“Total oxidizable as % glycerol (corrected)] - [0.7100 X 


0.1623 


% glycerol (corrected)] - 29.0 0 = 
% diglycerol on anhydrous basis. 


(6) 100 - (% diglycerol (corrected)- +% glycerol (corrected)] - 

% polyglycerol on anhydrous basis. 
. . . 100 - % HjO 

(7) % diglyccrol or % polyglycerol on anhydrous basis X 10Q 

values on "as*is" basis. 


Determination of glycerol by titration of the formic acid produced by 
its oxidation is not confined to use with glycerol-glycol mixtures but is 
used with glycerol alone 18 • **• The modification described in reference 33 
has been adopted as Official Method Ea6-51 by the American Oil Chemists’ 
Society (see page 189). 

Mixtures of glycerol, ethylene glycol and 1,2-propylene glycol can be 
analyzed by determining the formic acid, formaldehyde and acetaldehyde 
produced by periodate oxidation 31 . 

Trimethylene glycol and polyglycerols may be determined in the presence 
of glycerol with the aid of periodate oxidation 21 . 

The determination of glycerol in the presence of glycols has been ex¬ 
tensively studied, and a number of procedures in addition to those given 
above have been devised 38 - 58 • 80 . The periodate oxidation is discussed and 
an extensive bibliography given by Adams 1 . 

Permanganate Oxidation. Ravenna 72 reported a quantitative method 
of glycerol analysis based upon oxidation with permanganate. Three to 5 
g of glycerol are diluted to 250 ml in a volumetric flask and insoluble matter 
settled out. A 25-ml aliquot is transferred to a 100-ml volumetric flask, 
silver carbonate added, and after 10 minutes, 5 ml of basic lead carbonate 
solution are added. The solution is mixed and diluted to volume, filtered 
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and a 10-ml portion tested by adding some 10 per cent sodium sulfate solu¬ 
tion and some basic lead acetate solution. If a precipitate forms, the puri¬ 
fication must be repeated, using a fresh aliquote and 6 ml of the basic lead 
acetate. Finally, 25 ml of the filtered solution are placed in a beaker, a 
measured excess of potassium permanganate and 50 ml of \SN sulfuric 
acid are added. The beaker is heated on a steam bath for 2 hours. Add more 
permanganate if the solution becomes decolorized. While the liquid is hot, 
titrate the excess of permanganate with 0.\N oxalic acid. Subtract the 
sample titration from a blank titration and calculate the amount of glycerol. 

Cerate Oxidation. A cerate oxidimetry method for the determination of 
glycerol has been used by Smith and Duke”. 

CjHiOi + 8HjCe(CIO«)* + 3H,0 - 3HCO,H + 8Ce(C104)» + 24HC10 4 

The method is based on the oxidation of glycerol by perchlorato-cerate 
ion in excess in perchloric acid solution, followed by back titration with 
sodium oxalate. The reaction is completed in 15 minutes at 50 to 60°C, 
whereas the dichromate oxidation requires 2 hours at 90 to 100°C. The 
procedure is not specific for glycerol since other classes of aliphatic com¬ 
pounds, such as sugars, polycarboxylic acids and glycols are also oxidized 
by the perchlorato-cerate ion solution. Silverman 81 adapted .this method 
to the rapid determination of glycerol in soap. Cuthill and Atkins 19 oxi¬ 
dized one mole of glycerol with 8 moles of ceric sulfate, Ce(SO«)a by refluxing 
the solution for one hour. The excess ceric ion was titrated with 0.1 A 
ferrous iron solution. A ceric sulfate oxidation has also been used for the 
determination of glycerol in the presence of dextrose 99 and d-xylose 68 . 

Zeisel and Fanto Method. The Zeisel and Fan to method of analysis 101 
originally used for the determination of methoxyl groups in sugar deriva¬ 
tives, can also be used for the determination of glycerol. It provides a 
means of determining glycerol in the presence of sugars, which interfere 
with the usual analytical reagents for glycerol. The method cannot be used 
if glycols are present nor with crudes from soap-lye or fermentation 74 . 

C,H»(OH), + SHI — C,H,I + 3H,0 + 21, 

See page 341. Glycerol heated with hydriodic acid (sp gr 1.7) forms 
isopropyl iodide which is volatile and is carried into an alcoholic solution 
of silver nitrate by a stream of carbon dioxide. From the weight of silver 
iodide formed, the weight of glycerol is calculated. Any compound that 
will react with hydriodic acid to form a volatile iodide, such as lower 
alcohols, ether, glycols, methoxyl compounds, etc., must be removed from 
the sample before analysis. The reaction is not strictly quantitative, but 
under uniform conditions the same proportion of silver iodide is always 
obtained. Therefore, a conversion factor must be established by the use 
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of a known quantity of glycerol and determination of the weight of silver 
iodide obtained from it. Thisfactor is then used in the analysis of unkno • • 
' Marehi* 1 found that the incomplete conversion glyC T ‘^3, 
iodide with solutions prepared from pure glycerol instead of " (used 

as a control by Zeise. and Fanto) was due to the absence o acet.c a^d, 
either directly added or produced from the tnacetin and also to the fo. ora¬ 
tion of some allyl iodide and propylene iodide which do not react com¬ 
pletely with silver nitrate. Added acetic acid may be replaced by pr°P'°n>c 
or tartaric acids. A number of additional applications of the method to 
glycerol analysis have been reported*- » Modifications of pro¬ 

cedure and apparatus to improve the accuracy of the method are given 


bv Christensen et al. 11 . 

' Bertram-Rutgers (Copper) Method. In 1911 Wagenaar^suggested a 
method for glycerol determination based on the formation of . c0 PP cl 'fJ y . c '‘ 
erol” resulting from the reaction of glycerol, 4.V NaOH and CuS(V5H 2 0. 
Weiss 97 and Beckers 8 studied the procedure and found that the copper con¬ 
tent of the compound varied from 0.30 to 1.82 atoms per 2 molecules of 
glycerol and that some error was introduced into the determination when 
small amounts of Cu(OH) 2 were held in suspension in the alkaline solution. 
Bertram and Rutgers 1 *- 13 developed an analytical procedure for glycerol 
based on the formation of a sodium cupri-glycerol complex. The Glycerine 
Analysis Committee of the American Oil Chemists’ Society of 1939-40 31 
reported an improved Bertram-Rutgers method. ‘ 1 he simplicity, ease and 
speed of the improved method and its comparative freedom from the inter¬ 
ference of common impurities, commend its use as a tool in appraising (he 
value of low grade process materials and certain complex mixtures which 
would ordinarily require a tedious purification before application of the 
usual methods of analysis.’* The method is not sufficiently accurate for use 
in analyses involving commercial transactions. The method is as follows. 


Improved Bertram-Rutgers Method 


All manipulations are carried on at 20°C, using a cooling bath, if necessary, to 
maintain this temperature. An aqueous sample not exceeding 10 ml and containing 
not more than 0.8 g of glycerol is weighed into a 100-ml volumetric flask. This is 
diluted with enough water to make 10 ml, 10 ml of aqueous NaOH (30 g/100 ml), 
and 60 ml ethyl alcohol (Denatured Alcohol Formula 30 or 3A) are added immedi¬ 
ately. After mixing, an alcoholic solution of cupric chloride (10 g CuCl 2 -2H : 0/100 ml) 
is added dropwise from a burette, with thorough mixing, until a clearly visible, 
permanent precipitate of cupric hydroxide is formed. Then 0.5 ml excess CuCl 2 solu¬ 
tion is added. Before this precipitate is formed, one mole of glycerol reacts with one 
atom of Cu to form a compound which remains dissolved in the alkaline liquid. The 
mixture is shaken, made up to 100 ml with alcohol, shaken thoroughly for 1 minute, 
and at least 60 ml centrifuged in a stoppered tube or bottle at 1300 rpm for 10 minutes. 
If the supernatant liquid is not perfectly clear, it must be centrifuged for a longer 
time or at higher speed. The tube contents are brought to 20°C and a 50-ml aliquot 
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of the clear solution diluted with 100 ml of distilled water. Glacial acetic acid from a 
burette is added to the solution just to an acid reaction, plus 2 ml in excess. The 
color change from deep blue to light green denotes the change from alkaline to acid 
reaction. After cooling the solution in ice water for a few minutes, 10 g of KI is added 
and the iodine liberated titrated immediately with a carefully standardized 0.1 N 
thiosulfate solution. A more dilute thiosulfate solution may be used if desired. Starch 
indicator is added after most of the iodine is titrated. Just before the end-point is 
reached, 2 g of NH«SCN is added and shaken thoroughly. 

Blank determinations, identical in every way except for the presence of glycerol, 
are conducted simultaneously. Blanks need not be included with each batch of 
samples if their value is found to be quite constant, which would be expected because 
of the slight solubility of Cu(OH) t . 


% glycerol = 


(T - B) X N X 18.41 
S 


in which 


T = sample titration 
B - blank titration 


N “ normality of thiosulfate 
S — weight of sample taken. 

For more accurate work the entire contents of the volumetric flask are poured 
into the centrifuge tube, with thorough shaking to secure an even distribution of 
precipitate in the solution, and the volume of the precipitate taken into account by 
measuring it in the tube and considering the true volume of the solid phase as 50 per 

100.00 - 0.5F, 

cent of its apparent volume. The factor 18.41 will then become 9.205 X-—- 


in which V - apparent volume of precipitate in ml. 

With certain samples there may be a slight precipitate present in the flask before 
the addition of the CuCh solution, which may obscure that due to the formation of 
Cu(OH),. Since it is necessary to assure a small but definite precipitate of Cu(OH)t, 
a knowledge of the approximate weight of pure glycerol present may be of help in 
doubtful cases. Roughly, 1 ml alcoholic CuCl, solution = 0.054 g glycerol. If only a 
slight excess of CuCl* is added to the glycerol, the formation of the copper complex 
will be incomplete. If a large excess is added, the results will also be low, presumably 
because the complex is adsorbed on the precipitate 77 . 


A spectrophotometric method for the determination of glycerol, based 
upon the measurement of the characteristic blue color of sodium cupri- 
glycerol complex, has been reported 98 . 

Glycerol in Foods, Beverages, Tobacco. Glycerol in the free state occurs 
in fermented beverages as a product of alcoholic fermentation. It is a 
component of fats. In addition to these natural occurrences, it is added to 
many foods. It may be used in extracts as a solvent, in dried fruits to im¬ 
prove appearance and texture, in shredded coconut to improve texture, in 
egg products to improve their quality after storage, and in many other ways. 
Usually being present in small amount and in admixture with other sub¬ 
stances having similar solubility characteristics, its isolation from a sample 
often presents special problems. Books dealing especially with food analysis 
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should be consulted for details. The Association of Official Agricultural 
Chemists 7 gives methods for use with beer, wines, cordials, liqueurs, ex¬ 
tracts and flavors, meat extracts, eggs and egg products. Winton and-Win- 
ton 100 describe general methods of analysis and their application to specific 
foods. Glycerol in tobacco may be determined by extraction with acetone, 
purification of the extract and reaction of the glycerol with hydnodic acid 
in the Zeisel and Fanto method 16 or acetylation of the glycerol 47 . 

Free glycerol in fats may be determined by dissolving the sample in 
chloroform, extracting the chloroform solution with water and subjecting 
the water extract of glycerol to periodate oxidation 65 . 

Determination of Trimethylene Glycol in Glycerol. The possible presence 
of trimethylene glycol in glycerol must be considered in glycerol analysis, 
particularly in analysis of crudes. Because of the similarity of their chemical 
and physical properties, mixtures of these two compounds react as a single 
substance in most tests. The presence and amount of the trimethylene 
glycol is established by the differential behavior of two different tests upon 
the sample or by the measurement of two separate effects of a given test. 
Thus, the per cent concentration of the two components can be calculated 
from measurements of the oxygen consumed and the carbon dioxide lib¬ 
erated in a potassium dichromate oxidation 24 . Results of the dichromate 
and acetin methods of analysis may be used to calculate the composition 
of distilled glycerol, though the method is not satisfactory with crude 
glycerol 10 . 

Cocks and Salway 18 have developed a procedure for the estimation of 
trimethylene glycol in crude glycerol with an accuracy of 0.2 per cent. They 
first prepared known mixtures of glycerol, trimethylene glycol and water. 
The sp gr 20/20°C of these solutions was determined and the acetin values 
calculated from the known composition, (see Table 6-1). These data were 
plotted and from the curves, which were very nearly straight lines (see 
Figure 6-5), there were read all intermediate values of the specific gravities 
for solutions with acetin values corresponding to 50 to 100 per cent of 
glycerol. These data are in Table 6-2. 

The reduction in specific gravity with increasing trimethylene glycol 
content is fairly regular. As a result it is possible to calculate the tri¬ 
methylene glycol content of any mixture with the following formula. 

D-d 


where 

x = amount of trimethylene glycol 

D = sp. gr. of glycerol at a dilution represented by the acetin value 
d = sp. gr. of the mixture 
/ = a factor (see below). 
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The factor is the average decrease in specific gravity for each 1 per cent 
increase in trimethylene glycol content, the acetin values of the mixtures 
being constant. As the acetin values increase, the values for the factor 
increase as shown in the Table 6-3. 


Table 6-1. Acetin Value in Per Cent Glycerol and Specific Gravity of 
Glycerol-Water-Trimethylene Glycol Mixtures 


Trimethyleneglycol 

Acetin value 

Sp. gr.. 20/20*C 

DiS’.per 1% acetin 

2% 

89.80 

1.2338 



81.76 

1.2126 

0.00264 


63.24 

1.1622 

0.00272 


49.03 

1.1232 

0.00274 


1.60 

1.0014 

0.00255 

5% 

89.51 

1.2279 


81.69 

1.2077 

0.00258 


63.78 

1.1594 

0.00270 


49.71 

1.1209 

0.00275 


4.00 

1.0031 

0.00258 

10% 

89.03 

1.2174 


81.59 

1.1988 

0.00250 


64.55 

1.1538 

0.00264 


51.32 

1.1182 

0.00269 


8.02 

1.0068 

0.00257 

15% 

88.53 

1.2079 


81.49 

1.1905 

0.00247 


66.00 

1.1502 

0.00260 


54.51 

1.1199 

0.00264 


11.89 

1.0105 

0.00257 

. 20% 

88.04 

1.1982 


81.44 

1.1822 

0.00242 


66.42 

1.1438 

0.00256 


55.42 

1.1157 

0.00255 


16.04 

1.0146 

0.00257 

25% 

87.56 

1.1886 

0.00241 

81.42 

1.1738 


67.11 

1.1381 

0.00249 


56.54 

1.1115 

0.00251 


20.05 

1.0184 

0.00255 


The specific gravity data used by Cocks and Salway do not agree at all 
points with those of Bosart and Snoddy (cf. Table 7-1). The greatest dif¬ 
ference occurs in the data for glycerol of 100 per cent concentration, the 
figure used by Cocks and Salway being the greater by 0.0008, which is 
the equivalent of 0.31 per cent glycerol. 
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The following procedure was used by Cocks and Salway for the estima¬ 
tion of trimethylene glycol in crude glycerol. 



Fioure 6-5. Acetin value in percent glycerol and specific gravity of glycerol-water- 
trimethylene glycol mixtures. 


Table 6-2. Acetin Value in Per Cent Glycerol and Specific Gravity of 
Glycerol-Water-Trim ethylene Glycol Mixtures 
Interpolated Values 


Trimethyleneglycol 


(%) 

D 

2 % 

5 % 

. 0 % 

15 % 

20 % 

25 % 

100 . 

■ 

1.2644 



1 

_ 

_ 

_ 

99 . 

1.2618 


1.2523 

— 

— 

— 

— 

98 . 

1.2591 

1.2551 

1.2497 

1.2398 

— 

— 

— 

97 . 

1.2565 

1.2525 

1.2472 

1.2373 

1.2287 

— 

— 

96 . 

1.2538 

1.2499 

1.2446 

1.2348 

1.2263 

1.2175 

— 

95 . 

1.2511 

1.2473 

1.2420 

1.2323 

1.2238 

1.2151 

1.2064 

90 . 

1.2378 

1.2343 

1.2291 

1.2198 


1.2030 

1.1944 

85 . 

1.2243 

1.2211 

1.2161 

1.2073 


1.1909 

KEZX 


1.2108 

1.2078 

1.2032 

1.1948 

1.1868 

1.1788 

KSSS 

75 . 

1.1972 

1.1943 

1.1898 

1.1818 

1.1737 

1.1659 

mm 

70 . 

1.1836 

1.1806 

1.1763 

1.1685 

1.1606 

1.1531 

■8131 

65 . 

1.1699 

1.1670 

1.1627 

1.1550 

1.1476 

1.1402 

1.1329 

60 . 

1.1563 

1.1533 

1.1490 

1.1412 

1.1346 

1.1275 

11 m 

55 . 

1.1425 

1.1396 

1.1353 

1.1275 

1.1215 

1.1147 

iP'B 

m 

1.1288 

1.1259 

1.1216 

1.1137 

1.1084 

1.1019 

1&3 


One hundred g of sample are distilled under 15 to 3 mm of Hg pressure, from a 
600-ml flask, fitted with a stopper, capillary inlet tube, an air condenser 30 to 36 
inches long, and a receiver to collect the distillate. The flask is heated with an oil 
bath kept at 230 to 240°C or a carefully regulated smoky flame. It is not nee’essary 
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that all of the water, which comes over early in the distillation, be condensed. Dis¬ 
tillation proceeds at the rate of one drop per second until about 30 per cent of the 
original weight of material has been collected at which point the distillation is 
stopped. The specific gravity and acetin values of the distillate arc determined and 
the trimethylene glycol content calculated by the method previously described. 

The percentage of trimethylene glycol (tmg) in the original material is determined 
by a simple proportion. 


% tmg in sample 


Wt. of sample X % tmg in distillate 
Wt. of distillate 


The amount of trimethylene glycol in a mixture with glycerol and water 
can be calculated if the density of .the mixture and the amount of water 
are known. Details of the procedure and the necessary data have been re¬ 
ported by Rojahn 74 * 75 . 


Table 6-3 


Acetin Value as 

Per Cent Glycerol 

Factor 

95 

0.00179 

90 

0.00174 

85 

0.00168 

80 

0.00162 

75 

0.00157 

70 

0.00152 

65 

0.00148 

60 

0.00143 

55 

• 0.00138 

50 

0.00134 


More recently the periodate oxidation has been applied to the analysis 
of mixtures of glycerol and glycols including trimethylene glycol. See the 
method of Pohle and Mehlenbacher on page 210. 

International Standard Methods. Analysis of Crude Glycerine 

In 1911 representatives of the glycerine industry in Great Britain, France, 
Germany, and the United States recommended certain methods for the 
analysis of crude glycerine. The use of uniform analytical methods is of 
great help in the commerce of glycerine. The report of the international 
committee follows: 

Methods of Crude Glycerine Analysis* 

Recommended by the International Committees 

Sampling 

The most satisfactory method available for sampling crude glycerine liable to 
contain suspended matter, or which is liable to deposit salt on settling, is to have 

• “Analysis of Crude Glycerine”, International Standard Methods, British Expert 
Committee’s Report, 1911. 
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the glycerine sampled by a mutually approved sampler as soon as possible after 
it is filled into drums, but in any case before any separation of salts has taken place. 
In such cases he shall sample with a sectional sampler (Appendix 1), then seal the 
drums, brand them with a number for identification, and keep a record of the brand 
number. The presence of any visible salt or other suspended matter is to be noted 
by the sampler, and a report of same made in his certificate, together with the tem¬ 
perature of the glycerine. Each drum must be sampled. Glycerine which has de¬ 
posited salt or other matters cannot be accurately sampled from the drums, but an 
approximate sample can be obtained by means of the sectional sampler, which will 
allow a complete vertical section of the glycerine to be taken, including any deposit. 
Analysis 

1. Determination of Free Caustic Alkali. Weigh 20 g of the sample into a 100-cc 
flask, dilute with approximately 50 cc of freshly-boiled distilled water, add an excess 
of neutral barium chloride solution 1 cc of phenolphthalein solution, make up to the 
mark and mix. Allow the precipitate to settle, draw off 50 cc of the clear liquid and 
titrate with normal acid (N/l). Calculate to percentage of NajO existing as caustic 
alkali. 

2. Determination of Ash and Total Alkalinity. Weigh 2 to 5 g of the sample in a 
platinum dish, burn off the glycerine over a luminous Argand burner or other source 
of heat giving a low flame temperature, the temperature being kept low to avoid 
volatilization and the formation of sulphides. When the mass is charred to the point 
that water will not become colored by soluble organic matter, lixiviate with hot dis¬ 
tilled water, filter, wash and ignite the residue in the platinum dish. Return the fil¬ 
trate and washings to the dish, evaporate and carefully ignite without fusion. Weigh 
the ash. 

Dissolve the ash in distilled water and titrate total alkalinity, using as indicator 
methyl orange cold or litmus boiling. 

3. Determination of Alkali present as Carbonate. Take 10 g of the sample, dilute 
with 50 cc distilled water, add sufficient N/l acid to neutralize the total alkali found 
at (2), boil under a reflux condenser for 15 to 20 minutes, wash down the condenser 
tube with distilled water, free from carbon dioxide, and titrate back with N/l NaOH 
using phenolphthalein as indicator. Calculate the percentage of Na-O. Deduct the 
Na 2 0 found in (1). The difference is the percentage of Na ? 0 existing as carbonate. 

4. Alkali combined with Organic Acids. The sum of the percentages of Na-0 found 
at (1) and (3) deducted from the percentage found at (2) is a measure of the Na?0 
or other alkali combined with organic acids. 

6. Determination of Acidity. Take 10 g of the sample, dilute with 50 cc of dis¬ 
tilled water free from carbon dioxide, and titrate with N/l NaOH and phenolphtha- 
Icin. Express in terms of Na-0 required to neutralize 100 g. 

6. Determination of Total Residue at 160°C. For this determination the crude 
glycerine should be slightly alkaline with Na«COj not exceeding the equivalent 
of 0.2 per cent NajO, in order to prevent loss of organic acids. To avoid formation 
of polyglycerols this alkalinity must not be exceeded. 

Preparation of Glycerine.* 10 g of the sample is weighed into a 100 cc flask diluted 
with water and the calculated quantity of N/l HC1 or Na-COj added to give the 
required degree of alkalinity. The flask is filled to 100 cc, the contents mixed, and 10 
cc measured into a weighed petrie or similar dish 2.5 inches in diameter and 0.5 inches 
deep, which should have a flat bottom. In the case of crude glycerines abnormally 

* This method can be improved if the bottom of the glass dishes used are joined 
to the sides by a curve and not a sharp right angle. Otherwise pockets of liquid are 
formed which slow down the evaporation rate. 
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high in organic residue a less quantity is to be evaporated, so that the weight of 
organic residue does not materially exceed 30 to 40 milligrams. 

Evaporation of the Glycerine.* The dish is placed on a water bath (the top of the 
160° oven acts equally well) until most of the water has evaporated. From this point 
the evaporation is effected in the oven. Satisfactory results are obtained in an oven 
measuring 12 inches cube, having an iron plate % inch thick lying on the bottom to 
distribute the heat. Strips of asbestos millboard arc placed on a shelf half-way up the 
oven. On these strips the dish containing the glycerine is placed. 

If the temperature of the oven has been adjusted to 160°C with the door closed, 
a temperature of 130 to 140°C can be readily maintained with the door partially 
open, and the glycerine, or most of it, should be evaporated off at this temperature. 
When only a slight vapor is seen to come off, the dish is removed and allowed to cool. 

An addition of 0.5 to 1 cc of water is made, and by a rotary motion the residue 
brought wholly or nearly into solution. The dish is then allowed to remain on a water 
bath or top of the oven until the excess water has evaporated and the residue is in 
such a condition that on returning to the oven at 160°C it will not spit. The time taken 
up to this point cannot be given definitely, nor is it important. Usually two to three 
hours is required. From this point, however, the schedule of time must be strictly 
adhered to. The dish is allowed to remain in the oven, the temperature of which is 
carefully maintained at 160°C for one hour, when it is removed, cooled, the residue 
treated with water, and the water evaporated as before. The residue is then sub¬ 
jected to a second baking of one hour, after which the dish is allowed to cool in a desic¬ 
cator over sulfuric acid and weighed. The treatment with water, etc., is repeated 
until a constant loss of 1 to 1.5 mg per hour is obtained. 

Corrections to be Applied to the Weight of the Total Residue. In the case of acid 
glycerine a correction must be made for the alkali added. 1 cc N/l alkali represents 
an addition of 0.022 g. In the case of alkaline crudes a correction should be made for 
the acid added. Deduct the increase in weight due to the conversion of the NaOH 
and NajCOj to NaCl. The corrected weight, multiplied by 100, gives the percentage 
of total residue at 160°C. 

Preserve the total residue for the determination of the nonvolatile acetylisable 
impurities. 

7. Organic Residue. Subtract the ash from the total residue at 160°C. Report as 
organic residue at 160°C. (A 'ole: It should be noted that alkaline salts of organic 
acids are converted to carbonates on ignition and that the COj radicle thus derived 
is not included in the organic residue.) 

8. Moisture.t This test is based on the fact that glycerine can be completely freed 

from water by allowing it to stand in vacuo over sulfuric acid or phosphoric an¬ 
hydride. ___ 

• With certain types of crude glycerine a long evaporation period leads to the 
formation of poly glycerols and erratic organic residue results are obtained. This 
can be avoided by passing a stream of air over the dish whilst it is in the oven. The 
air is blown from a row of small holes in two horizontal tubes placed at the sides 
of the oven and slightly above dish level. 

f 1 to 2 mm pressure absolute is too low and loss of glycerol through evaporation 
will occur. 7 mm is the minimum absolute pressure to avoid loss of glycerol. It is found 
desirable to do a blank test on pure glycerine. 1 g is absorbed on asbestos as above, is 
dried in vucuo and kept in vacuo; this is put in the desiccator with the sample under 
test. The loss, if any, on the blank represents the loss due to evaporation of glycerine 
and is deducted from the loss on the sample under test. 
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Two to 3 g of very pure bulky asbestos freed from acid soluble material which 
has been previously dried in a water oven, is placed in a small stoppered weighing 
bottle of about 15 cc capacity. The weighing bottle is kept in a vacuum desiccator 
furnished with a supply of concentrated sulfuric acid, under a pressure equivalent 
to 1 to 2 mm of Mercury, until constant in weight. From 1 to 1.5 g of the sample is 
then carefully dropped on the asbestos in such a way that it will be all absorbed. The 
weight is again taken and the bottle replaced in the desiccator under 1 to 2 mm 
pressure until constant in weight. At 15°C the weight is constant in about 48 hours. 
At lower temperatures the test is prolonged. 

The sulfuric acid in the desiccator must be frequently renewed. 

Acetln Process for Glycerol Determination 

This process is the one agreed upon at a conference of Delegates from the Ameri¬ 
can, British, French and German Committees, and has been confirmed by each of 
the above Committees as giving results nearer to the truth on crudes in general and 
is the process to be used (if applicable) whenever only one method is employed. On 
pure glycerines the results are identical with those of the Bichromate Process. For 
the application of this process the crude glycerine should not contain over 50 per 
cent water. The final standardization is to be carried out upon chemically pure 
glycerine in which the water content has been accurately determined. Such ma¬ 
terial is supplied under the guarantee of Hehner & Cox. 

Reagents Required 

(A) Best Acetic Anhydride. This should be carefully selected. A good sample must 
not require more than 0.1 cc normal NaOH for saponification of the impurities when 
a blank is run on 7.5 cc. Only a slight color should develop during digestion of the 
blank. 

(B) Pure Fused Sodium Acetate. The purchased salt is again completely fused in a 
platinum, silica or nickel dish, avoiding charring, powdered quickly and kept in a 
stoppered bottle or in a desiccator. It is most important that the sodium acetate be 
anhydrous. 

(C) A solution of Caustic Soda for neutralizing, of about N/l strength, free 
from carbonate. This can be readily made by dissolving pure sodium hydroxide in its 
own weight of water (preferably water free from carbon dioxide) and allowing to 
settle until clear, or filtering through an asbestos or paper filter. The clear solution 
is diluted with water free from carbon dioxide to the strength required. 

(D) N/l Caustic Soda, free from Carbonate. Prepared as above and carefully 
standardized. 

Some Caustic Soda Solutions show a marked diminution in strength after being 
boiled; such solutions should be rejected. 

(E) N/l Acid. Carefully standardized. 

(F) Phenolphthaleln Solution. 0.5 per cent phenolphthalein in alcohol and neu¬ 
tralize. 

The Method 

Into a narrow mouthed flask (preferably round bottomed), capacity about 120 
cc, which has been thoroughly cleaned and dried, weigh accurately and as rapidly as 
possible 1.25 to 1.5 g of the glycerine. Add first about 3 g of the anhydrous sodium 
acetate, then 7.5 cc of the acetic anhydride, and connect the flask with an upright 
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Liebig condenser. For convenience the inner tube of this condenser should not be over 
50 cm long and 9 to 10 mm inside. 

The flask is connected to the condenser by either a ground glass joint (preferably) 
or a rubber stopper. If a rubber stopper is used it should have had a preliminary t rcat- 
ment with hot acetic anhydride vapor. 

Heat the contents and keep just boiling for one hour, taking precautions to pre¬ 
vent the salts drying on the sides of the flask. 

Allow the flask to cool somewhat and through the condenser tube add 50 cc of 
the carbon dioxide free distilled water heated to about 80°C, taking care that the 
flask is not loosened from the condenser. The object of cooling is to avoid an}' sudden 
rush of vapors from the flask on adding the water, and to avoid breaking the flask. 
Time is saved by adding the water before the contents of the flask solidify, but the 
contents may be allowed to solidify and the test proceeded with the next day without 
detriment. The contents of the flask may be warmed to, but must not exceed, 80°C 
until the solution is complete except a few dark flocks representing organic impurities 
in the crude. By giving the flask a rotatory motion, solution is more quickly effected. 
Cool flask and contents without loosening from condenser. When quite cold wash 
down the inside of the condenser tube, detach the flask, wash off stopper or ground 
glass connection into the flask, and filter contents of flask through an acid washed 
filter into a Jena glass flask of about 1 liter capacity. Wash thoroughly with cold 
distilled water free from carbon dioxide. Add 2 cc of phcnolphthalcin solution (F), 
then run in a caustic soda solution (C) or (D) until a faint pinkish yellow color 
appears throughout the solution. This neutralization must be done most carefully; 
the alkali should be run down the sides of the flask, the contents of which arc kept 
rapidly swirling with occasional agitation or change of motion until the solution is 
nearly neutralized, as indicated by the slower disappearance of the color developed 
locally by the alkali running into the mixture. When this point is reached the sides 
of the flask are washed down with carbon-dioxide-frec water and the alkali subse¬ 
quently added drop by drop, mixing after each drop until the desired tint is obtained. 

Now run in from a burette 50 cc or a calculated excess of N/l NaOH (D), and 
note carefully the exact amount. Boil gently for 15 minutes, the flask being fitted 
with a glass tube acting as a partial condenser. Cool as quickly ns possible and titrate 
excess of NaOH with N/l acid (E) until the pinkish yellow, or chosen end point color 
just remains. A further addition of the indicator at this point will cause a return 
of the pinkish color; this must be neglected, and the first end point taken. 

From the N/l NaOH consumed calculate the percentage of glycerol after making 
the correction for the blank test described below. 

1 cc of N/l NaOH « 0.03069 g of glycerol. 

The coefficient of expansion for normal solutions is approximately 0.00033 per cc 
for each degree C. A correction should be made on this account if necessary. 

Blank Test. As the acetic anhydride and sodium acetate may contain impurities 
which affect the result it is necessary to make a blank test, using the same quantities 
of acetic anhydride and sodium acetate as in the analysis. After neutralizing the 
acetic acid, it is not necessary to add more than 5 cc of the N/l alkali (D) as that rep¬ 
resents the excess of alkali usually left after saponification of the triacetin in the gly¬ 
cerol determination. 

Determination of the Glycerol Value of the Acetyllzable Impurities. The total 
residue at 160°C is dissolved in 1 or 2 cc of water, washed into a clean acetylizing flask 
120°cc capacity and the water evaporated. Now add anhydrous sodium acetate and 
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proceed as in the glycerol determination before described. Calculate the result to 
glycerol. 

Analysis of Acetic Anhydride. Into a weighed stoppered vessel, containing 10 to 
20 cc of water, run about 2 cc of the anhydride, replace stopper and weigh; allow 
to stand, with occasional shaking, for several hours, till all anhydride is hydrolizcd; 
then dilute to about 200 cc, add phenolphthalein and titrate with N/l NaOH. This 
gives the total acidity due to free acetic acid and acid formed from anhydride. 

Into a stoppered weighing bottle containing a known weight of recently-distilled 
aniline (from 10 to 20 cc) measure about 2 cc of the sample, stopper, mix, allow to 
cool, and weigh. Wash contents into about 200 cc cold water, and titrate acidity as 
before. This yields the acidity due to the original, preformed, acetic acid plus one- 
half the acid due to anhydride (the other half having formed acetanilide); subtract 
the second result from the first (both calculated for 100 g) and double result, ob¬ 
taining cc N/l NaOH per 100-g sample. 1 cc NaOH equal 0.0510 anhydride. 


Bichromate Process for Glycerol Determination 
Reagents Required 

(A) Pure Potassium Bichromate powdered and dried in air free from dust or 
organic vapors, at 110 to 120°C. This is taken as the standard. 

(B) Dilute Bichromate Solution. 7.4564 g of the above bichromate (A) are dis¬ 
solved in distilled water and the solution made up to one liter at 15.5°C. 

(C) Ferrous Ammonium Sulfate. Dissolve 3.7282 g of potassium bichromate (A) 
in 50 cc of water. Add 50 cc of 50 per cent (by volume) sulfuric acid, and to the cold 
undiluted solution add from a weighing bottle a moderate excess of the ferrous am¬ 
monium sulfate, and titrate back with the dilute bichromate (B). Calculate the 
value of the ferrous salt in terms of bichromate. 

(D) Silver Carbonate. This is prepared as required for each test from 140 cc of 
0.5 per cent silver sulfate solution by precipitation with about 4.9 cc N/l sodium car¬ 
bonate solution (a little less than the calculated quantity of N/l sodium carbonate 
should be used; any excess of alkali carbonate prevents rapid settling). Settle, decant 
and wash once by decantation. 

(E) Subacetate of Lead. Boil a pure 10 per cent solution of lead acetate with an 
excess of litharge for one hour, keeping the volume constant, and filter while hot. 
Disregard any precipitate which subsequently forms. Preserve out of contact with 
carbon dioxide. 

(F) Potassium Ferricyaulde. A very dilute solution containing about 0.1 per cent. 


The Method 

Weigh 20 g of the glycerine, dilute to 250 cc and take 25 cc. Add the silver carbonate, 
allow to stand, with occasional agitation, for about 10 minutes, and add a slight 
excess (about 5 cc in most cases) of the basic lead acetate (E), allow to stand a few 
minutes, dilute with distilled water to 100 cc and then add 0.15 cc to compensate for 
the volume of the precipitate, mix thoroughly, filter through an air dry filter into a 
suitable narrow mouthed vessel rejecting the first 10 cc, and return filtrate if not clear 
and bright. Test a portion of the filtrate with a little basic lead acetate, which should 
produce no further precipitate. (In the great majority of cases 5 cc is ample.) Oc¬ 
casionally a crude will be found requiring more, and in this case another aliquot of 
25 cc of the dilute glycerine should be taken and purified with 6 cc of the basic acetate. 
Care must be taken to avoid a marked excess of basic acetate. 

Measure off 25 cc of the clear filtrate into a glass flask or beaker (previously cleaned 
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with potassium bichromate and sulfuric acid). Add 12 drops of sulfuric acid (1:4) 
to precipitate the small excess of lead as sulfate. Add 3.7282 g of the powdered potas¬ 
sium bichromate (A). Rinse down the bichromate with 25 cc of water and stand with 
occasional shaking until all the bichromate is dissolved (no reduction will take 
place). 

Now add 50 cc of 50 per cent sulfuric acid (by volume) and immerse the vessel in 
boiling water for two hours and keep protected from dust and organic vapors, such 
as alcohol, till the titration is completed. Add from a weighing bottle a slight excess 
of the ferrous ammonium sulphate (C) making spot tests on a porcelain plate with 
the potassium ferricyanide (F). Titrate back with the dilute bichromate. From the 
amount of bichromate reduced calculate the percentage of glycerol. 

1 g glycerol = 7.4564 g bichromate 

1 g bichromate - 0.13411 g glycerol 

Notes: 

(1) It is important that the concentration of acid in the oxidation mixture and the 
time of oxidation should be strictly adhered to. 

(2) Before the bichromate is added to the glycerine solution it is essential that 
the slight excess of lead be precipitated with sulphuric acid as stipulated in 
the process. 

(3) For crudes practically free from chlorides the quantity of silver carbonate may 
be reduced to one-fifth and the basic lead acetate to 0.5 cc. 

(4) It is sometimes advisable to add a little potassium sulfate to ensure a clear 
filtrate. 

Instructions for Calculating Actual Glycerol Content 

(1) Determine the apparent percentage of glycerol in the sample by the acetin 
process as described. The result will include acetylizable impurities if any 
be present. 

(2) Determine the total residue at 160°C. 

(3) Determine the acetin value of the residue at (2) in terms of glycerol. 

(4) Deduct the result found at (3) from the percentage obtained at (1) and report 
this corrected figure as glycerol. If volatile acetylizable impurities are present 
these are included in this figure. 

# 

Notes and Recommendations 

Experience has shown that in crude glycerine of good commercial quality, the 
sum of water, total residue at 160°C and corrected acetin result comes to within 0.5 
of 100. Further, in such crudes the bichromate result agrees with the uncorrected 
acetin result to within 1 per cent. 

In the event of greater differences being found, impurities such as polyglycerols 
or trimethylene glycol are present. Trimethylene glycol is more volatile than glyc¬ 
erine; it can therefore be concentrated by fractional distillation. An approximation 
to the quantity can be obtained from the spread between the acetin and bichromate 
results of such distillates. Trimethylene glycol showing by the former method 80.69 
per cent and by the latter 138.3 per cent expressed as glycerol. 

In valuing crude glycerine for certain purposes it is necessary to ascertain the 
approximate proportion of arsenic, sulfides, sulfites, and thiosulfates. The methods 
for detecting and determining these impurities have not formed the subject of this 
investigation. 
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Recommendations by Executive Committee 

If the nonvolatile organic residue at 160°C in the case of a soap lye crude be over 
2.5 per cent, i.e., when not corrected for carbon dioxide in the ash, then the residue 
shall be examined by the acetin method, and any excess of glycerol found over 0.5 
per cent shall be deducted from the acetin figure. 

In the case of saponification, distillation and similar glycerins, the limit of organic 
residue which should be passed without further examination shall be fixed at 1 per 
cent. In the event of the sample containing more than 1 per cent, the organic residue 
must be acetylated, and any glycerol found (after making the deduction of 0.5 per 
cent) shall be deducted from the percentage of glycerol found by the acetin test. 


Appendix 1 

Sampling Crude Glycerine 

The usual method of sampling crude glycerine hitherto has been by means of a 
glass tube, which is slowly lowered into the drum with the object of taking as nearly 
as possible a vertical section of the glycerine contained in the drum. This method 
has been found unsatisfactory, owing to the fact that in cold climates viscous glyc¬ 
erines run into the tube very slowly, so, owing to the time occupied, it is impossible 
to take a complete section of the sample. Another objection to the glass tube is that 
it fails to take anything approaching a correct proportion of any settled salt contained 
in the drum. 



The sampler which is illustrated herewith has been devised with the object of over¬ 
coming the objections to the glass tube as far as possible. It consists of two brass 
tubes, one fitting closely inside the other. A number of ports are cut out in each tube 
in such a way that when the ports are opened a continuous slot is formed which 
enables a complete section to be taken throughout the entire length of the drum. 
By this arrangement the glycerine fills into the sampler almost instantaneously. 
There are also a number of ports cut at the bottom of the sampler which render it 
possible to take a proportion of the salt at the bottom of the drum. The instrument 
is so constructed that all the ports, including the bottom ones, can be closed simul¬ 
taneously by the simple action of turning the handle at the top, a pointer is arranged 
which indicates on a dial when the sampler is open or closed. In samplers of larger 
section (1 inch) it is possible to arrange a third motion whereby the bottom ports 
only are open for emptying, but in samplers of small dimensions (*$ inch) this third 
motion must be dispensed with, otherwise the dimensions of the ports have to be 
so small that the sampler would not be efficient. 

In using the sampler it is introduced into the drum with the ports closed, and 
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when it has touched the bottom the ports arc opened for a second or two then closed 
and withdrawn, and the sample discharged into the receiving vessel by opening the 
ports. When the drum contains suspended salt the ports must be opened before the 
sampler is pushed through the salt, thus enabling a portion to be included in the 
sample. It is, however, almost impossible to obtain a correct proportion of salt 
after it has settled in the drum, it is therefore recommended that the drum should 
be sampled before the salt has settled. 

A Sampler 1 inch dia. withdraws approximately 10 oz from a 10 cwt drum. 

A Sampler % inch dia. withdraws approximately 5 oz from a 10 cwt drum. 

The essentials of these methods (except the moisture determination) are 
now incorporated in the Standard and Tentative Methods of the American 
Oil Chemists’ Society (see page 176). They were published by the American 
Sub-Committee 45 and are also described in detail by Lawrie 4lc . The de¬ 
termination of moisture by the International Standard Method is accom¬ 
plished by weighing 2 or 3 g of the sample onto asbestos fiber and drying 
to constant weight over sulfuric acid, at room temperature and at reduced 
pressure. The original method specified a pressure of 1 or 2 mm but later 
it was found that 7 mm was the lowest pressure at which loss of glycerol 
could be avoided. 

Measurement of Color 

The color of glycerine is commonly measured with Lovibond color glasses* 
in a Wesson enclosed color comparator. In this instrument the light from 
a 100 watt blue frosted electric light bulb is reflected upward from a mag¬ 
nesia block through two adjacent comparison tubes. The comparison 
tubes are of clear glass with polished bottoms, 154-mm long by 22-mm out¬ 
side diameter. The tubes are filled to a depth of inches, one with the 
sample and the other with water. The color of the sample is matched by 
a combination of red and yellow glasses placed on the top of the water tube. 
The two tubes are viewed simultaneously through a tubular eye piece 
which has two J^-inch holes in the bottom, one over each tube. The glasses 
are of graduated color intensity designated by numbers. A complete set 
of glasses is comprised of the following: 



Red Series 


Yellow Series 

0.1 

1.0 

7.8 

1.0 

15.0 

0.2 

2.0 

8.0 

2.0 

20.0 

0.3 

2.5 

9.0 

3.0 

35.0 

0.4 

3.0 

10.0 

5.0 

50.0 

0.5 

3.5 

11.0 

10.0 

70.0 

0.6 

4.0 

12.0 



0.7 

5.0 

16.0 



0.8 

6.0 

20.0 



0.9 

7.0 





* Manufactured by Tintometer, Ltd., Salisbury, England. 
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Results are described as so many units of each color, as for example 2.1 
Red, 10 Yellow. A detailed description of the Wesson type colorimeter is 
given in the American Oil Chemists’ Society Official Method Cc 13b-45 
for the measurement of color in oil. 

When using the Lovibond color glasses, the manner of matching the 
sample may influence the result. Although there is only one combination 
of glasses that matches perfectly, there will be several similar combina¬ 
tions which are difficult to distinguish from it. Thus, if an operator has a 
tendency to use a minimum of yellow and build up color intensity with red, 
his results will tend to be low in yellow and high in red. To offset this, some 
operators always use the two colors in a certain proportion which has been 
found suitable for a certain type of product ,e.g., 1 red to 10 yellow. Another 
expedient, suitable when the color range of the samples is not great, is to 
have a fixed value for the yellow and vary only the red. In addition to 
variation in technique, the variation in color sensitivity of individuals will 
affect the results of the test. The Lovibond glasses themselves are some¬ 
what variable and for precise work should be calibrated. Lovibond red 
glasses have been measured by Walker 96 and found to vary as much as one 
unit from the designated color. Glasses that are too dark may be adjusted 
by a polishing process which removes some of the glass 23 . 

These difficulties with the use of Lovibond glasses have stimulated efforts 
to develop a better method of color measurement, and satisfactory spectro- 
photometric methods have been devised 2 - 87 • M . A method designed par¬ 
ticularly for use with glycerol was developed for the Glycerine Producers’ 
Association by Miner and Weil 6 *. Measurements were made with a Coleman 
No. 11 Universal Spectrophotometer using a 13-mm square cuvette or 
cell. Although with this method the color of glycerine is most conveniently 
expressed in terms of optical density at specified wave lengths, the general 
use of the Lovibond color glasses makes it desirable to be able to convert 
the optical density values into terms of Lovibond color. The optical densi¬ 
ties of glycerine at 440 m/x and 520 m>x wavelengths show a linear relation¬ 
ship with the yellow and red Lovibond colors, respectively. Conversion of 
optical density to equivalent Lovibond color was accomplished by plotting 
• optical density at 440 m/x and 520 m/x against Lovibond yellow and red 
units respectively. By the method of least squares the following equations 
were obtained: 

for yellow d x = 0.00652 L, + 0.037 
for red d, = 0.0124 L. + 0.0068 

where 

d x = optical density at 440 m/i in a 13-mm cell 
dr = optical density at 520 m n in a 13-mm cell 
L\ = Lovibond yellow color 
Lj = Lovibond red color 
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With these equations, or their graphs, optical density measurements of 
glycerine samples at 440 m/x and 520 m/i can be converted directly to Lovi- 
bond yellow and red colors respectively. If the cuvette or cell containing 
the glycerine for the optical density measurement has a depth other than 
13 mm, the observed values of d x or d 2 must be multiplied by the appro¬ 
priate factors before they are used in the above equations. 


Factor = 


_ 13 mm _ 

Cell depth in mm 



Figure 6-6. Correlation of Lovibond yellow with optical density at 440 n. (13 mm. 
Cuvette used in optical density measurements.) 


In Figures 6-6 and 6-7 it is seen that the graphs show a positive value for 
optical density when the Lovibond color value is zero. This is due to the 
use of several Lovibond glasses to match the color of each glycerine sample. 
Part of the color intensity (or optical density) of the sample is matched 
by the light loss at the air-glass interfaces. Thus the recorded Lovibond 
color is less than if it were measured with a single glass. Measurement of 
optical density with the spectrophotometer corresponds to the use of a 
single Lovibond glass in that there is no loss of light at multiple air-glass 
interfaces. Consequently, when the line of the graph is extended to zero 
Lovibond value, it still shows a positive value for optical density. This 
does not invalidate the use of the graphs. 
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“Water white” glycerines have too faint a color for satisfactory compari¬ 
son with Lovibond glasses. They are better measured by comparison with 
a colored solution as described in the following paragraph. 

In addition to the two principal methods of color measurement de¬ 
scribed above, the color of glycerine is sometimes specified or defined in 
terms of colored salt solutions. The U.S.P. color specification is in terms 
of a solution of ferric chloride (see page 156). Certain industrial users of 
glycerine have used solutions of potassium dichromate to define the limit- 



Figure 6-7. Correlation of Lovibond red with optical density at 520 n. (13 mm. 
Cuvette used in optical density measurements.) 

of acceptable color. A frequently used color standard for “colorless” or 
light colored glycerine is the series of Hazen or A.P.H.A. (American Public 
Health Association) colors.* Comparison is customarily made in 50-cc 
Nessler tubes. 

* Preparation of Standards. 

Dissolve 1.245 g of potassium chloroplatinate (KjPtCW) containing 0.5 g of plat¬ 
inum, and 1 g of crystallized cobaltous chloride (CoClj-GHjO), containing approxi¬ 
mately 0.248 g of cobalt, in water with 100 ml of cone. HC1, and dilute to 1 liter with 
distilled water. The solution has a color of 500. 

In the absence of a reliable supply of potassium chloroplatinate, chloroplutinic 
acid may be substituted, as follows; dissolve 0.5 g of metallic platinum in aqua regia; 
remove nitric acid by repeated evaporation to dryness after adding an excess of 
hydrochloric acid. Dissolve the product with 1 g of cobalt chloride as directed in 1.1. 
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Odor of Glycerine 

Pure glycerine has little or no ador. Absence of odor is important when 
glycerine is to be used in such products as foods, cosmetics and cellophane. 
There is no established standard of odor or method for its measurement. 
Specifications of quality and method of testing are usually fixed by agree¬ 
ment between the buyer and seller. 

When comparing samples for odor, cleanliness of equipment must be 
observed. Samples are usually warmed to make the odor more evident. 
Acidification of the sample with a few drops of dilute sulfuric acid will 
sometimes develop odors that indicate impurities not otherwise noticeable. 
Heating of the glycerine with the sulfuric acid provides a more drastic test. 
The odor developed in this way in natural glycerine is “butyric” or “capyr- 
lic,” but synthetic glycerine produces a “burnt” odor. 

The following method of judging the odor of U.S.P. glycerine was de¬ 
veloped to provide a quantitative value for recording and comparing the 
odor of glycerine samples 6 . Since all odor tests depend ultimately upon ol¬ 
factory acuity, which varies from person to person and from time to time, 
the evaluation of odor is not done with the precision of chemical or physical 
tests, which are objective. 

Evaluation of Odor in glycerine. 

Prepare a series of dilutions of the sample with distilled water. A suitable range of 
dilutions for most samples is 10, 20, 30 and 40 per cent of glycerine by volume, but 
other concentrations may be used as needed. Place 25 ml of each solution in an odor- 
free 50-ml beaker. Prepare an equal number of similar beakers, each containing 25 
ml of distilled water. Cover the beakers with watch glasses and place in a 65-70°C 
oven. When the samples have come to temperature they are presented to the tester 
in pairs, a glycerine solution and plain water. The beakers are placed on a convenient 
surface, the watch glasses removed and the tester asked to decide if there is a dif¬ 
ference in odor, and if so, which is the stronger. The tester should not know the 
identity of the two beakers and the relative positions of the glycerine and water beak¬ 
ers should not always be the same. As a check on the acuity of the tester a pair of 
identical solutions, either water or glycerine, should be included in the series. The 
test should be repeated for verification (using the same solutions) and several testers 
may also be used. When a number of tests are made with the same sample, it issug- 

To prepare standards having colors of 5,10,15, 20,25,30,35,40,50,60 and 70 dilute 
0.5, 1, 1.5 ml, etc., of the above solution with distilled water to 50 ml in standard 
Nessler tubes. If 100 ml standard Nessler tubes are used, colors of 5, 10, etc., are 
obtained by diluting 1, 2, etc., ml of the standard solution to 100 ml with distilled 
water. 

Procedure. 

Inasmuch as the proportions of the standard solution in the comparison tubes 
are such as to represent an aliquot part of a liter, the readings are direct as parts 
per million. 




ANALYSIS 


235 


ted that a dilution of the glycerine which is rated as having an odor in 80 per cent 
of a series of tests be considered as having a definite odor. The extent to which a 
sample of glycerine can be diluted and still have a definite odor is a measure of the 

odor intensity. . 

When comparing water with water or water with very dilute (or faint odor) glyc¬ 
erine, there are always some false choices made. For this reason, it is advisable to 
take the average of a number of tests rather than to depend on a single test. I* or the 
same reason, it has not been satisfactory to attempt to assign a quantitative value to 
glycerine samples of very low odor intensity. 
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PHYSICAL PROPERTIES OF GLYCEROL 
AND ITS SOLUTIONS 


J. B. Segur 
The Miner Laboratories 


Specific Gravity and Density 

The determination of specific gravity has long been one of the principal 
means of estimating the purity of distilled glycerol which may contain 
water. Because of the considerable difference between the densities of water 
and glycerol, the amount of water in the glycerol can be accurately deter¬ 
mined (see page 193.) The specific gravity of glycerol is best determined 
with a pycnometer. A Westphal balance or a hydrometer may be used if 
highest accuracy is not required. These two instruments are not satisfac¬ 
tory, however, for use with concentrated glycerol because of its high vis¬ 
cosity. Many determinations of the specific gravity of glycerol and its 
water solutions have been published. Of the earlier data, those reported by 
Gerlach 49 - M (see Table 7-14) and Nichol 118 were widely used. Among other 
determinations, those by the following authors may be mentioned: Lenz 99 
Strohmer 180, U1 , Fabian, Metz and Scheij 44 , Skalewit IM - IM , Mendelejeff 110 , 
Grim and Wirth 80 - 8l , and Herz and Wegner 7 *. Comparisons of some of these 
data were made by Bosart 1 * and by Lawrie 97 . 

The errors in the earlier data made more reliable figures necessary so in 
1927 Bosart and Snoddy 14 published their determinations of the specific 
gravity of glycerol and glycerol-water solutions. These data are now gen¬ 
erally used in the glycerol industry. They took commercially distilled glyc¬ 
erol of 98.7 per cent purity, shown to be free of glycols by a comparison 
of dichromate and specific gravity analyses. It was first bleached with 
carbon and then distilled at 1.7 to 2.0 mm pressure. The middle fraction 
was redistilled in the same manner, the middle fraction again being re¬ 
tained. Distillation at the low pressure did not cause formation of poly¬ 
glycerol. This second middle fraction was considered to be glycerol of the 
highest purity. The distilling apparatus was made entirely of “Pyrcx” 
glass with sealed glass connections. A Bogard receiver was used to separate 
the fractions. The boiling point of the fraction reserved for use was 141 to 
144°C (uncorrected) at 1.7 to 2.0 mm, with the thermometer entirely within 
the distilling flask. The glycerol was distilled in a slow current of oxygen- 
free nitrogen that had been dried with sulfuric acid and phosphorus pent- 
oxide. The distillate was at all times protected from undried air and suit¬ 
able precautions were taken when transferring it for use. 


100 

1.26557 

1.26532 

99 

1.26300 

1.26275 

98 

1.26045 

1.26020 

97 

1.25785 

1.25760 

96 

1.25525 

1.25500 

95 

1.25270 

1.25245 

94 

1.25005 

1.24980 

93 

1.24740 

1.24715 

92 

1.24475 

1.24450 

91 

1.24210 

1.24185 

90 

1.23950 

1.23920 

89 

1.23680 

1.23655 

88 

1.23415 

1.23390 

87 

1.23150 

1.23120 

86 

1.22885 

1.22855 

85 

1.22620 

1.22590 

84 

1.22355 

1.22325 

83 

1.22090 

1.22055 

82 

1.21820 

1.21790 

81 

1.21555 

1.21525 

80 

1.21290 

1.21260 

79 

1.21015 

1.20985 

78 

1.20740 

1.20710 

77 

1.20465 

1.20440 

76 

1.20190 

1.20165 

75 

1.19915 

1.19890 

74 

1.19640 

1.19615 

73 

1.19365 

1.19340 

72 

1.19090 

1.19070 

71 

1.18815 

1.18795 

70 

1.18540 

1.18520 

69 

1.18260 

1.18240 

68 

1.17985 

1.17965 

67 

1.17705 

1.17685 

66 

1.17430 

1.17410 

65 

1.17155 

1.17130 

64 

1.16875 

1.16855 

63 

1.16600 

1.16575 

62 

1.16320 

1.16300 

61 

1.16045 

1.16020 

60 

1.15770 

1.15745 

59 

1.15490 

1.15465 

58 

1.15210 

1.15190 

57 

1.14935 

1.14910 

56 

1.14655 

1.14635 

55 

1.14375 

1.14355 

54 

1.14100 

1.14080 

53 

1.13820 

1.13800 

52 

1.13540 

1.13525 

51 

1.13265 

1.13245 


1.26362 

1.26201 

1.26526 

1.26105 

1.25945 

1.26270 

1.25845 

1.25685 

1.26010 

1.25585 

1.25425 

1.25755 

1.25330 

1.25165 

1.25495 

1.25075 

1.24910 

1.25240 

1.24810 

1.24645 

1.24975 

1.24545 

1.24380 

1.24710 

1.24280 

1.24115 

1.24445 

1.24020 

1.23850 

1.24185 

1.23755 

1.23585 

1.23920 

1.23490 

1.23320 

1.23655 

1.23220 

1.23055 

1.23390 

1.22955 

1.22790 

1.23125 

1.22690 

1.22520 

1.22860 

1.22420 

1.22255 

1.22595 

1.22155 

1.21990 

1.22330 

1.21890 

1.21720 

1.22060 

1.21620 

1.21455 

1.21795 

1.21355 

1.21190 

1.21530 

1.21090 

1.20925 

1.21265 

1.20815 

1.20655 


1.20540 

1.20380 


1.20270 

1.20110 


1.19995 

1.19840 


1.19720 

1.19565 

1.19890 

1.19450 

1.19295 


1.19175 

1.19025 


1.18900 

1.18755 


1.18630 

1.18480 


1.18355 

1.18210 

1.18515 

1.18080 

1.17935 


1.17805 

1.17660 


1.17530 

1.17385 


1.17255 

1.17110 


1.16980 

1.16835 

1.17135 

1.16705 

1.16560 


1.16-130 

1.16285 


1.16155 

1.16010 


1.15875 

1.15735 


1.15605 

1.15460 

1.15750 

1.15325 

1.15185 


1.15050 

1.14915 


1.14775 

1.14640 


1.14500 

1.14365 


1.14220 

1.14090 

1.14360 

1.13945 

1.13815 


1.13670 

1.13540 


1.13395 

1.13265 


1.13120 

1.12995 


239 


1.26501 

1.26245 

1.25985 

1.25730 

1.25470 

1.26331 

1.26075 

1.25815 

1.25555 

1.25300 

1.26170 

1.25910 

1.25655 

1.25395 

1.25140 

1.25215 

1.24950 

1.24685 

1.24420 

1.24155 

1.25045 

1.24780 

1.24515 

1.24250 

1.23985 

1.24880 

1.24615 

1.24350 

1.24085 

1.23825 

1.23895 

1.23625 

1.23360 

1.23095 

1.22830 

1.23725 

1.23460 

1.23195 

1.22930 

1.22660 

1.23500 

1.23295 

1.23025 

1.22760 
1.22495 

1.22565 

1.22300 

1.22030 

1.21765 

1.21500 

1.22395 

1.22130 

1.21865 

1.21595 

1.21330 

1.22230 

1.21965 

1.21695 

1.21430 

1.21165 

1.21235 

1.21065 

1.20900 

1.19865 

1.19700 

1.19540 

1.18495 

1.18330 

1.18185 

1.17110 

1.16960 

1.16815 

1.15725 

1.15585 

1.15445 

1.14340 

1.14205 

1.14075 








Table 7-1 —Continued 


Glyc¬ 

erol 

Apparent Specific Gravity 

True Specific Gravity 

(%) 

15/15*C 

15.5/15.5®C 

20/20*C 

25/25*0 

15/1S*C 

B1 

bh 

2S/25*C 

50 

1.12985 

1.12970 

1.12845 

1.12720 

1.12970 

1.12955 

1.12830 

1.12705 

49 

1.12710 

1.12695 

1.12570 

1.12450 



• 


48 

1.12440 

1.12425 

1.12300 

1.12185 





47 

1.12165 

1.12150 

1.12030 

1.11915 





46 

1.11890 

1.11880 

1.11760 

1.11650 





45 

1.11620 

1.11605 

1.11490 

1.11380 

1.11605 

1.11595 • 

1.11475 

1.11365 

44 

1.11345 

1.11335 

1.11220 

1.11115 





. 43 

1.11075 

1.11060 

1.10950 

1.10845 



• | 


42 

1.10800 

1.10790 

1.10680 

1.10575 


1 

I 


41 

1.10525 

1.10515 

1.10410 

1.10310 





40 

1.10255 

1.10245 

1.10135 

1.10040 

1.10240 

1.10235 

1.10125 

1.10030 

39 

1.09985 

1.09975 

1.09870 

1.09775 





38 

1.09715 

1.09705 

1.09605 

1.09510 





37 

1.09445 

1.09435 

1.09335 

1.09245 





36 

1.09175 

1.09165 

1.09070 

1.08980 





35 

1.08905 

1.08895 

1.08805 

1.08715 

1.08895 

1.08885 

1.08790 

1.08705 

34 

1.08635 

1.08625 

1.08535 

1.08455 





33 

1.08365 

1.08355 

1.08270 

1.08190 





32 

1.08100 

1.08085 

1.08005 

1.07925 





31 

1.07830 

1.07815 

1.07735 

1.07660 





30 

1.07560 

1.07545 

1.07470 

1.07395 

1.07550 

1.07535 

1.07460 

1.07385 

29 

1.07295 

1.07285 

1.07210 

1.07135 





28 

1.07035 

1.07025 

1.06950 

1.06880 





27 

1.06770 

1.06760 

1.06690 

1.06625 





26 

1.06510 

1.06500 

1.06435 

1.06370 





25 

1.06250 

1.06240 

1.06175 

1.06115 

1.06240 

1.06230 

1.06165 

1.06110 

24 

1.05985 

1.05980 

1.05915 

1.05860 





23 

1.05725 

1.05715 

1.05655 

1.05605 





22 

1.05460 

1.05455 

1.05400 

1.05350 





21 

1.05200 

1.05195 

1.05140 

1.05095 






1.04935 

1.04935 

1.04880 

1.04840 

1.04930 

1.04925 

1.04875 

1.04830 

19 

1.04685 

1.04680 

1.04630 

1.04590 





18 

1.04435 

1.04430 

1.04380 

1.04345 





17 

1.04180 

1.04180 

1.04135 

1.04100 





16 

1.03930 

1.03925 

1.03885 

1.03850 





15 

1.03675 

1.03675 

1.03635 

1.03605 

1.03670 

1.03670 

1.03630 

1.03600 

14 

1.03425 

1.03420 

1.03390 

1.03360 





13 

1.03175 

1.03170 

1.03140 

1.03110 



i 


12 

1.02920 

1.02920 

1.02890 

1.02865 





11 

1.02670 

1.02665 

1.02640 

1.02620 





10 

1.02415 

1.02415 

1.02395 

1.02370 

1.02415 

1.02410 

1.02390 

1.02370 

9 

1.02175 

1.02175 

1.02155 

1.02135 





8 

1.01935 

1.01930 

1.01915 

1.01900 





7 

1.01690 

1.01690 

1.01675 

1.01660 





6 

1.01450 

1.01450 

1.01435 

1.01425 





5 

1.01210 

1.01205 

1.01195 

1.01185 

1.01205 

1.01205 

1.01195 

1.01185 

4 

1.00965 

1.00965 

1.00955 

1.00950 





3 

1.00725 

1.00725 

1.00720 

1.00710 





2 

1.00485 

1.00485 

1.00480 

1.00475 





1 

1.00240 

1.00240 

1.00240 

1.00235 






240 
















Table 7-2. Density and Per Cent of Glycer ol 


Glycerol 

(%> 

Density at 

15*C 

15.5'C 

20*C 

2S°C | 

30*C 

100 

1.26415 

1.26381 

1.26108 

1.25802 

1.25495 

99 

1.26160 

1.26125 

1.25850 

1.25545 

1.25235 

98 

1.25900 

1.25865 

1.25590 

1.25290 

1.24975 

97 

1.25645 

1.25610 

1.25335 

1.25030 

1.24710 

96 

1.25385 

1.25350 

1.25080 

1.24770 

1.24450 

95 

1.26130 

1.25095 

1.24825 

1.24515 

1.24190 

94 

1.24885 

1.24830 

1.24560 

1.24250 

1.23930 

93 

1.24800 

1.24565 

1.24300 

1.23985 

1.23670 

92 

1.24340 

1.24305 

1.24035 

1.23725 

1.23410 

91 

1.24075 

1.24040 

1.23770 

1.23460 

1.23150 

90 

1.23810 

1.23775 

1.23510 

1.23200 

\ ,n T, 

89 

1.23545 

1.23510 

1.23245 

1.22935 

1.22625 

88 

1.23280 

1.23245 

1.22975 

1.22665 

1.22360 

87 

1.23015 

1.22980 

1.22710 

1.22400 

1.22095 

86 

1.22750 

1.22710 

1.22445 

1.22135 

1.21830 

85 

1.22485 

1.22445 

1.22180 

1.21870 

1.21565 

84 

1.22220 

1.22180 

1.21915 

1.21605 

1.2130C 

83 

1.21955 

1.21915 

1.21650 

1.21310 

1.21035 

82 

1.21690 

1.21650 

1.21380 

1.21075 

1.20770* 

81 

1.21425 

1.21385 

1.21115 

1.20810 

1.20505 

80 

1.21160 

1.21120 

1.20850 

1.20545 

1.20240 

79 

1.20885 

1.20845 

1.20575 

1.20275 

1.19970 

78 

1.20610 

1.20570 

1.20305 

1.20005 

1.19705 

77 

1.203351 

1.20300 

1.20030 

1.19735 

1.19435 

76 

1.20060 

1.20025 

1.19760 

1.19465 

1.19170 

75 

1.19785 

1.19750 

1.19485 

1.19195 

1.18900 

74 

1.19510 

1.19480 

1.19215 

1.18925 

1.18635 

73 

1.19235 

1.19205 

1.18940 

1.18650 

1.18365 

72 

1.18965 

1.18930 

1.18670 

1.18380 

1.18100 

71 

1.18690 

1.18655 

1.18395 

1.18110 

1.17830 

70 

1.18415 

1.18385 

1.18125 

1.17840 

1.17565; 

69 

1.18135 

1.18105 

1.17850 

1.17565 

1.17290 

68 

1.17860 

1.17830 

1.17575 

1.17295 

1.17020 

67 

1.17585 

1.17555 

1.17300 

1.17020 

1.16745 

66 

1.17305 

1.17275 

1.17025 

1.16745 

1.16470 

65 

1.17030 

1.17000 

1.16750 

1.16475 

1.16195 

64 

1.16755 

1.16725 

1.16475 

1.16200 

1.15925 

63 

1.16480 

1.16445 

1.16205 

1.15925 

1.15650 

62 

1.18200 

1.16170 

1.15930 

1.15655 

1.15375 

61 

1.15925 

1.15895 

1.15655 

1.15380 

1.15100 

60 

1.15650 

1.15615 

1.15380 

1.15105 

1.14830 

59 

1.15370 

1.15340 

1.15105 

1.14835 

1.14555 

58 

1.15095 

1.15065 

1.14830 

1.14560 

1.14285 

67 

1.14815 

1.14785 

1.14555 

1.14285 

1.14010 

56 

1.14535 

1.14510 

1.14280 

1.14015 

1.13740 

55 

1.14260 

« nnen 

1.14230 

v t inc c 

1.14005 

a 19 T 1 A 

1.13740 

1.13471)' 

54 

53 

1.13980 

1.13705 

1.13955 

1.13680 

1 . lJj'SU 

1.13455 

1. low 

1.13195 

1.lo1 JO 

52 

1.13425 

1.13400 

1.13180 

1.12920 


51 

1.13150 

1.13125 

1.12905 

1.12650 

1.123S0 


Density at 


ly*cerol 

. 

15 # C 

15.5‘C 

20°C 

25*C 

30 °C 

50 

1.12870 

1.12845 

1.12630 

1.12375 

1.12110 

49 

1.12600 

1.12575 

1.12360 

1.12110 

1.11845 

48 

1.12325 

1.12305 

1.12090 

1.11840 

1.11580 

47 

1.12055 

1.12030 

1.11820 

1.11575 

1.11320 

16 

1.11780 

1.11760 

1.11550 

1.11310 

1.11055 

45 

1.11510 

1.11490 

1.11280 

1.11040 

1.10795 

44 

1.11235 

1.11215 

1.11010 

1.10775 

1.10530 

43 

1.10960 

1.10945 

1.10740 

1.10510 

1.10265 

42 

1.10690 

1.10670 

1.10470 

1.10240 

1.10005 

41 

1.10415 

1.10400 

1.10200 

1.09975 

1.09740 

40 

1.10145 

1.10130 

1.09930 

1.09710 

1.09475 

39 

1.09875 

1.09860 

1.09665 

1.09445 

1.09215 

38 

1.09605 

1.09590 

1.09400 

1.09180 

1.08955 

37 

1.09340 

1.09320 

1.09135 

1.08915 

1.08690 

36 

1.09070 

1.09050 

1.08865 

1.08655 

1.08430 

35 

1.08800 

1.08780 

1.08600 

1.08390 

1.08165 

34 

1.08530 

1.08515 

1.08335 

1.08125 

1.07905 

33 

1.08265 

1.08245 

1.08070 

1.07860 

1.07645 

32 

1.07995 

1.07976 

1.07800 

1.07600 

1.07380 

31 

1.07725 

1.07705 

1.07535 

1.07335! 

1.07120 

30 

1.07455 

1.07435 

1.07270 

1.07070 

1.06855 

29 

1.07195 

1.07175 

1.07010 

1.06815 

1.06605 

28 

1.06935 

1.06915 

1.06755 

1.06560 

1.06355 

27 

1.06670 

1.06655 

1.06495 

1.06305 

1.06105 

26 

1.06410 

1.06390 

1.06240 

1.06055 

1.05855 

25 

1.06150 

1.06130 

1.05980 

1.05800 

1.05605 

24 

1.05885 

1.05870 

1.05720 

1.05545 

1.05350 

23 

1.05625 

1.05610 

1.05465 

1.05290 

1.05100 

22 

1.05365 

1.05350 

1.05205 

1.05035 

1.04850 

21 

1.05100 

1.05090 

1.04950 

1.04780 

1.04600 

20 

1.04840 

1.04825 

1.04690 

1.04525 

1.04350 

19 

1.04590 

1.04575 

1.04440 

1.04280 

1.04105 

18 

1.04335 

1.04325 

1.04195 

1.04035 

1.03860 

17 

1.04085 

1.04075 

1.03945 

1.03790 

1.03615 

16 

1.03835 

1.03825 

1.03695 

1.03545 

1.03370 

15 

1.03580 

1.03570 

1.03450 

1.03300 

1.03130 

14 

1.03330 

1.03320 

1.03200 

1.03055 

1.02885 

13 

1.03080 

1.03070 

1.02955 

1.02805 

1.02640 

12 

1.02830 

1.02820 

1.02705 

1.02560 

1.02395 

II 

1.02575 

1.02565 

1.02455 

1.02315 

1.02150 

10 

1.02325 

1.02315 

1.02210 

1.02070 

1.01905 

9 

1.02085 

1.02075 

1.01970 

1.01835 

1.01670 

8 

1.01840 

1.01835 

1.01730 

1.01600 

1.01440 

7 

1.01600 

1.01590 

1.01495 

1.01360 

1.01205 

G 

1.01360 

1.01350 

1.01255 

1.01125 

1.00970 

5 

1.01120 

1.01110 

1.01015 

1.UU89C 

1.00735 

4 

1.00875 

1.00870 

1.00780 

i 1.00655 

1.00505 

3 

1.00635 

1.00 WO 

1.00540! 1.00415 

1.00270 

2 

1.00395 

1.00385 

1.00300; 1.001SC 
1.00060 0.99945 

1.00035 

1 

1.00155 

1 1.00145 

0.99800 

0 

0.99913 

0.99905 

0.99823 

l 

J 0.99705 
i 

0.99568 


241 


242 


GLYCEROL 


The glycerol-water solutions were carefully prepared from the pure mate¬ 
rial so that their compositions by weight were accurately known and were 
close to the desired concentrations of 10, 20, 30, 40, 50, 60, 70, 70, 80, 90, 
95 and 97.5 per cent. Specific gravity determinations were made at 15/15, 
15.5/15.5, 20/20 and 25/25 ± 0.1°C. The pycnometers used were of the 
Geisler type, capacity about 50 cc. Intermediate values were calculated. 
The results were calculated as apparent specific gravity, using brass weights 
in air. From these figures the true specific gravities (in vacuum) were cal¬ 
culated. The authors considered the determinations to be accurate to five 
units in the fifth decimal place. Their results are given in Table 7-1. 

The densities of glycerol solutions at various concentrations and tem- 


Table 7-3. Density and Per Cent of Glycerol at Low Temperatures 


Glycerol 

(%) 

F.p. CC) 

Temperature 

-5* 

-10* 

-20* 

-30* 

-40* 

10 

-1.6 

_ 

— 

— 

• 

— 

20 

-4.8 

— 

— 

— 

_ 

— 

30 

-9.5 

1.0810 

— 

— 

— 

— 

40 

-15.4 

1.1096 

1.1109 

— 

— 

— 

50 

-23.0 

1.1387 

1.1407 

1.1450 

— 

— 

60 

-34.7 

1.1663 

1.1685 

1.1732 

1.1787 

— 

66.7 

-46.5 

1.1860 

1.1889 

1.1945 

1.1985 

1.2034 

70 

-38.5 

1.1954 

1.1993 

1.2038 

1.2079 

— 

80 

-20.3 

1.2210 

1.2255 

1.2305 

— 

— 

90 

-1.6 

" 


. 




peratures were calculated from their specific gravity data by Bosart and 
Snoddy 15 (see Table 7-2). Data published in the International Critical 
Tables* were shown to contain some errors, particularly in the values at 
20°C. 

The densities of glycerol solutions at temperatures below 0°C and down 
to their freezing points were determined by Green and Parke 58 using a 
density bottle calibrated with methanol and water. Further details of their 
method were not published. Their data are given in Table 7-3. 

The density of glycerol increases when it is subjected to pressure. (See 
Table 7-61, p. 317.) 

The correlation of composition by weight and by volume has been calcu¬ 
lated for various glycerol concentrations and is presented in Table 7-4. 

For the densities of glycerol-water and glycerol-methanol mixtures at 
56.0°C, see Table 7-13. 


• Vol. Ill, page 121,1928. 
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The densities of mixtures of glycerol, ethyl alcohol and water are shown 
^ Thedensiti^s'ofn^hires o/glycerol, ethylene glycol and water are shown 

in Table 7-6 and in Figure 7-2 1 ”. 


Thermal Expansion 

The expansion of glycerol with increasing temperature may be measured 
by its change in volume and by its change in density. 

V - v 
B ' " v(T - 0 


in which 

B, - volumetric coefficient of expansion or change in volume 
per degree of temperature 
v - volume at lower temperature 
V - volume at higher temperature 
t - lower temperature 
T - higher temperature 

n _ D ~-± 
d(T - 0 

in which 

B - gravimetric coefficient of expansion or change in density 
per degree of temperature 
d - density at lower temperature 
D - density at higher temperature 
t - lower temperature 
T * higher temperature 

It should be noted that B will have a negative value. 

The coefficient expansion of glycerol was calculated by Comey and 
Backus 30 . Their caluclations were based upon their own determinations of 
the specific gravity of dynamite glycerine at dilutions which covered the 
range of specific gravity from 1.254 to 1.264 at 15.5°C and which were made 
at temperatures of 15.5, 20.0, 25.0 and 30.0°C. Their average results are 
given in Table 7-7. 

Bosart and Snoddy 14 calculated the rate of expansion of glycerol (gravi¬ 
metric) from their determinations of specific gravity and obtained results 
agreeing closely with those of Comey and Backus. The following equation 
was used. 

dc - ab 


(T - t)c 
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in which 


B 

a 

d 

b 
c ■■ 

T 

t 


change in specific gravity per degree 

rpo 

specific gravity of glycerol at — 

1 ° 

specific gravity of glycerol at — 


density of water at T° 
density of water at t° 

higher temperature of specific gravity determination 
lower temperature of specific gravity determination. 


Their data are given in Table 7-8. 


Table 7-4. Comparison op Composition op Glycerol Solutions i»y 

Weioht and by Volume 


Equivalent % by Wt of Aqueous Glyc-i Equivalent 
erol of Given Concentration 


Glycerol 


□ 



100% 
by Wt 

£*« 


E3 

0 

0.00 

0.00 

wm 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

5.00 

5.05 

5.26 

6.67 

8.33 

4.00 

4.05 

4.25 

5.63 

7.28 

10.00 

10.10 

10.53 

13.33 

16.67 

8.10 

8.19 

8.61 

11.38 

14.74 

15.00 

15.15 

15.79 

20.00 

25.00 

12.29 

12.40 

13.07 

17.29 

22.38 

20.00 

20.20 

21.05 

26.67 

33.33 

16.58 

16.78 


23.34 

30.21 

25.00 

25.25 

26.31 

33.33 

41.67 

era 

21.24 

22.31 

29.53 

38.23 

30.00 

30.30 

31.58 

40.00 

50.00 

25.49 

25.80 

27.10 

35.88 

46.45 

35.00 

35.35 

36.84 

46.67 

58.33 

30.11 

30.48 

32.02 

42.38 

54.87 

40.00 

40.40 

42.10 

53.33 

66.67 

34.84 

35.26 

37.04 

49.03 

63.49 

45.00 

45.45 

47.36 

60.00 

75.00 

39.67 

40.16 

42.18 

55.85 

72.31 

50.00 

50.50 

52.63 

66.67 

83.33 

44.63 

45.17 

47.45 

62.81 

81.32 

55.00 

55.55 

57.89 

73.33 


49.68 

50.30 

52.83 

69.94 

90.56 

60.00 

60.60 

63.16 

80.00 

100.00 

54.86 

55.54 

58.34 

77.23 

100.00 

65.00 

65.65 

68.42 

86.67 



60.89 


84.67 


66.67 

67.34 

70.21 

88.89 


61*95 

62.71 


87.18 


70.00 

70.70 

73.68 

93.33 


65.56 

66.35 


92.25 


75.00 

75.75 

78.95 

100.00 



71.92 

75.57 

100.00 


80.00 

80.80 

84.21 



76.69 

77.59 

81.55 



85.00 

85.85 

89.47 



82.39 

83.34 

87.61 



90.00 

90.90 

94.74 



88.20 


93.78 



95.00 

95.95 

100.00 



94.05 

95.16 

100.00 



98.00 

98.98 




97.60 

98.78 




99.00 . 

100.00 




98.81 

u 




100.00 





100.00 






% by Vol of Aqueous Glycerol of 
Given Concentration 


For calculating specific gravity from a higher to a lower temperature, 
the above equation may be transposed to the following form. 
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ab + BdT - t) 

d ---- 

c 

Similarly, to calculate from a lower to a higher temperature 

dc - Bc(T - t) 

- - b 

Gerlach 49 * 54 determined the expansion of glycerol and its water solutions 
by direct measurement in a dilatometer. Starting with 10,000 parte of solu¬ 
tion at 0°C, he measured the volume at temperatures up to the boiling 
points of the respective solutions. See Tables 7-9 and 7-10 and 1‘igurc 7-3. 

At -62°C supercooled glycerol shows a sudden change in its coefficient 
of expansion. Above -62°C the coefficient, AF = 0.000483(/+62) + 
0.00000049(/+ 62) 2 ; below -62°C, AF = 0.000241t ,M * ,w . 

Contraction by Solution 

When glycerol and water are mixed there is a slight decrease in volume 
and a slight rise in temperature (see Heat of Solution and also Figure 7-24). 
These changes were measured directly by Gerlach 49 * M whose results are 
given in Table 7-11 and Figures 7-4 and 7-44. The contraction of glycerol 
and water when mixed has also been calculated from the specific gravity 
data of Bosart and Snoddy. Slightly higher results than those given by 
Gerlach were obtained. See Table 7-12 and Figure 7-4. 

Campbell 24 who studied the vapor pressure and specific volume of binary 
mixtures stated that there is little doubt that glycerol forms at least one 
hydrate. He also observed that when glycerol and methanol are mixed 
there is a drop in the temperature and the volume also decreases. 

The dilution of glycerol to a specified concentration may be calculated 
with the following equations 179 . 

i - 100(a - b)/b (1) 

y - 100((a - b)/b\D\ (2) 

K = 100 - [V(D[ - 1) + 100 d\ 1 (3) 

in which 

x = parts by wt. of water to be added to 100 parts of .glycerol 
y = parts by vol. of water to be added to 100 vol. of glycerol 
K = % contraction based on the final volume 
a = % (wt. or vol.) of glycerol in the original material 
b = % (wt. or vol.) of glycerol in the desired concentration 
D\ ■= density of the original material 
d\ = density of the desired concentration 
V = vol. of the original material 
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Table 7-5. Physical Properties of Mixtures of Glycerol, Ethyl 
Alcohol and Water at 25°C 


Composition of the Samples 


Physical Properties 


Sample 

Number 

wt % 

Glycerol 

Wt % 
Ethyl 
Alcohol 

wt % 
Water 

Density 

Viscosity 

Surface 

Tension 

Refractive 

Index 

Specific 

Heat 

1 


100 


0.7851 

1.10 

22.0 

BUI 

0.537 

2 

100 



1.2627 

934.0 

62.5 

1.4729 

EE&s 

3 



100 

1.0000 

0.893 

72.0 

1.3332 

1.000 

4 


10 

90 

0.9833 

1.33 

46.6 

1.3399 

1.036 

5 


20 

80 

0.9692 

1.76 

37.7 

1.3453 


6 


30 

70 

0.9535 

2.13 

32.3 

1.3510 


7 


40 


0.9342 

2.34 


1.3552 


8 


50 


0.9125 

2.33 

m 

1.3587 


9 


60 


0.8895 

2.24 

26.9 

1.3610 

0.859 

10 


70 

30 

0.8659 

2.04 

26.1 

1.3628 

0.784 

11 


80 

20 

0.8415 

1.72 

25.2 

1.3630 

0.700 

12 


90 

10 

0.8160 

1.41 

24.4 

1.3624 

0.618 

13 

90 


10 

1.2356 

155.6 

64.5 

1.3472 


14 

80 



1.2089 

55.8 

65.7 

1.4435 


15 

70 


30 

1.1819 

18.5 

66.5 

1.4281 

• 

0.665 

16 

60 


40 

1.1545 

9.38 

66.9 

1.4145 

0.715 

17 

50 



1.1272 

5.34 

67.4 

1.3992 

0.770 

18 

40 


60 

1.1003 

3.18 

67.9 

1.3858 

0.810 

19 

30 


70 

1.0738 

2.14 

EX8 

1.3708 

0.870 

20 

20 


B 


1.54 

MM 

1.3582 


21 

10 



1.0237 

1.09 

70.5 

1.3451 

0.967 

22 

10 

90 


0.8199 

1.52 

22.9 

1.3701 

0.550 

23 

20 

80 




23.9 

1.3799 


24 

30 

70 


0.8947 

3.49 

24.2 

1.3898 

0.549 

25 

40 

60 


0.9368 

5.83 

25.4 

1.4005 

0.548 

26 

50 




10.4 

26.1 

1.4109 

0.550 

27 

60 

40 


1.0288 

20.6 

27.7 

1.4226 

0.549 

28 

70 

30 


1.0797 

45.3 

29.6 

1.4344 

0.549 

29 

80 

20 


1.1366 

103.3 

32.7 

1.4470 

0.551 

30 

90 

10 


1.1932 

254.0 

38.9 

1.4597 

0.552 

31 

80 

10 

10 

1.1724 

74.6 

40.4 

1.4462 

0.581 

32 

70 

10 

20 

1.1484 

26.2 

39.9 

1.4321 

0.622 

33 

60 

10 

30 

1.1212 

14.1 

40.4 

1.4193 


34 

50 

10 

40 

1.1004 

7.42 

41.3 

1.4063 

KE29 

35 

40 

10 

50 

1.0776 

4.75 

42.7 

1.3917 

0.790 
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Specific Volume of Glycerol Solutions 

The specific volumes of glycerol-water solutions and of glycerol-methanol 
solutions at 56.0°C were determined by Campbell 24 . His results are given 
in Table 7-13. 

Table 7-6. Densities of Mixtures of Glycerol, Ethylene Glycol 

and Water at 25°C 
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Fioure 7-2. Densities of mixtures of glycerol, ethylene glycol and water at 25°C 


Table 7-7. Coefficient of Expansion (Gravimetric) of High Gravity 
Glycerol of Sp. Gr. 1.254 to 1.264 at 15.5/15.5°C 

Temp. Interval Coefficient 

15.5- 20 0.000612 

15.5- 25 0.000617 

15.5- 30 0.000622 


Table 7-8. Coefficient of Thermal Expansion (Gravimetric) of 
Mixtures of Glycerol and Water 


Glycerol (%) 

Change in Specific Gravity per Degree 

15-20'C 

15-25*C 

20-25'C 

100 

0.000615 

0.000615 

0.000610 

97.5 

0.000620 

0.000615 


95 

0.000615 

0.000615 

0.000615 ' 

90 

0.000610 

0.000615 

0.000620 

80 

0.000620 

0.000615 

0.000610 

70 

0.000580 

0.000570 

0.000565 

60 

0.000540 

0.000545 

0.000550 

50 

0.000485 

0.000495 

0.000510 

40 

0.000430 

0.000435 

0.000445 

30 

0.000370 

0.000385 

0.000400 

20 

0.000300 

0.000315 

0.000325 

10 


0.000255 

0.000280 

Water 

0.000180 

0.000205 

0.000230 
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well as other constants) of glycerol solutions. These data are given in 
Table 7-14. 

The boiling points which Gerlach determined experimentally at 760- 
mm pressure agree with the more recent data of Mayer-Bugstrom 109 , von 
Rechenberg 184 and Carr, Townsend and Badger 26 but Gerlach’s calculated 
values for boiling points at pressures below 760 mm are lower than the 
corresponding data of the other authors. 

The boiling points of glycerol solutions over a greater range of pressure 
and concentration were calculated by Mayer-Bugstrom 68 - ,09 . Solutions 
were prepared from chemically pure glycerol and distilled water. Per cent 
concentration was determined from the specific gravity (Gerlach’s data; 
see Table 7-14) determined with a hydrometer. Using glycerol solutions of 


Table 7-9. Thermal Expansion of Pore Glycerol 


CO 


Vol 

CO 


Vol 

CO 


Vol 

0 

a 

10,000 

100 

- 

10,530 

200 

- 

11,245 

10 

- 

10,045 

no 

- 

10,590 

210 

- 

11,330 

20 

a 

10,090 

120 

=» 

10,655 

220 

a 

11,415 

30 

a 

10,140 

130 

a 

10,720 

230 

a 

11,500 

40 

a 

10,190 

140 

- 

10,790 

240 

a 

11,585 

50 

a 

10,240 

150 

a 

10,860 

250 

a 

11,670 

60 

a 

10,295 

160 

- 

10,930 

260 

a 

11,755 

70 

a 

10,350 

170 

a 

11,005 

270 

a 

11,840 

80 

a 

10,410 

180 

a 

11,080 

280 

- 

11,925 

90 

- 

10,470 

190 

- 

11,160 

290 

a 

12,010 


several concentrations, he determined their boiling points at 40-mm and 
760-mm pressure. From these data the boiling points at intermediate pres¬ 
sures were calculated with the formula of Ramsey and Young 184 : 


T 

t 


T‘ 

^ + W - t) 


where T and t are the boiling points of two liquids (e.g., glycerol solution, 
and water) in degrees absolute at pressure P. T' and V are the boiling points 
of the two liquids at pressure P '. The value of the constant C was calculated 
from the observed boiling points at 40 and 760 mm. The results are shown 
in Tables 7-15 and 7-16. Table 7-15 shows the increase in the boiling points 
of glycerol solutions as compared to water and Table 7-16 shows the boiling 
points of glycerol solutions. 

The"boiling points of pure glycerol at pressures from 4 to 800 mm. were 
calculated by von Rechenberg 184 . His results are given in Table 7-17. 

Careful determinations of the boiling points of glycerol solutions and 
also of glycerol solutions saturated with salt (NaCl) were made at various 
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pressures by Carr, Townsend and Badger 26 . They found that Diihring’s 
rule applies to these solutions and may be used to calculate their boiling 
points. Values found thus are usually accurate within 0.1 °C for glycerol of 



WEIGHT PER CENT OF GLYCEROL 

Figure 7-3. Thermal expansion of glycerol and its water solutions 
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Figure 7-4. Contraction of glycerol and water when mixed 

less than 80 per cent concentration. The accuracy is only slightly less for 
more concentrated glycerol. The rule may be expressed by the equation 

T, T t . 

= K 

where 7\ is the boiling point of a given substance at pressure Pr, T 2 is its 
boiling point at another pressure P 2 \ and t\ and t 2 are the boiling points of 
a second, and similar, liquid at the same pressures. K is a constant. 

Glycerol solutions were carefully prepared by weight and their composi- 
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Table 7-11. Volumetric Contraction of Glycerol and Water when 

Mixed at 20°C (Gerlach) _ 


100 Parts by wt of solution 
contains 

Average hypotheti¬ 
cal vol of solution 

-A. + b 

1.262 T 

Actual vol of 
solution 

100 

D X 100 

c 

100 - E 

Glycerol 

Water 

Sp. gr. 

A 

B 

C 

D 

E 

F 

100 

0 

79.240 

79.240 

100 

0 . 

90 

10 

81.315 

80.906 

99.497 


80 

20 

83.392 

82.713 

99.186 

glWRJwl 

70 

30 

85.468 

84.603 

98.987 


60 

40 

87.544 

86.580 

98.899 


50 

50 

89.620 

88.652 

98.920 

1.080 

40 

60 

91.696 

90.826 

99.052 


30 

70 

93.772 

93.110 

99.294 


20 

80 

95.885 

95.420 

99.515 


10 

90 

97.924 

97.704 

99.775 


0 

100 

100. 

100. 

100. 

0 . 


Table 7-12. Volumetric Contraction of Glycerol and Water when 

Mixed at 20°C 

Calc, from sp. gr. Data of Bosart and Snoddy 


Parts or % by Wt 

Parts by Vol 

% by Vol 

Sp. Gr. 20/20*C 
of Solo. Bosart 
and Snoddy 

Vol of 100 g 
of Soln. at 

20 ®C 

% Contrac¬ 
tion in Vol 

Glyc. 

Water 

Glyc. 

Water 

Glyc. 

Water 

100 

0 

79.278 

0.0 

100.00 

0 

1.26362 

79.278 

0.000 

90 

10 

71.350 

10.018 

87.69 

12.31 

1.23755 

80.948 

0.516 

80 

20 

63.423 

20.035 

75.99 

24.01 

1.21090 

82.730 

0.872 

75 

25 

59.459 

25.044 

70.36 

29.64 

1.19720 

83.676 

0.979 

70 

30 

55.495 

30.053 

64.87 

35.13 

1.18355 

84.641 

1.059 

UTS, 

35 

51.531 

35.062 

59.51 

40.49 

1.16980 

85.636 

1.105 

62 

38 

49.153 

38.067 

56.36 

43.64 

1.16155 

86.245 

1.118 

60 

40 

47.567 

40.071 

54.28 

45.72 

1.15605 

86.655 

1.122 

59 

41 

46.774 

41.073 

53.24 

46.76 

1.15325 

86.865 

1.118 

58 

42 

45.981 

42.074 

52.22 

47.78 

1.15050 

87.073 

1.115 

56 

44 

44.396 

44.078 

50.18 

49.82 

1.14500 

87.491 

1.111 

54 

46 

42.810 

46.082 

48.16 

51.84 

1.13945 

87.917 

1.097 

52 

48 

41.225 

48.085 

46.16 

53.84 

1.13395 

88.344 

1.082 

50 

50 

39.639 

50.089 

44.18 

55.82 

1.12845 

88.774 

1.063 

40 

60 

31.711 

60.106 

34.54 

65.46 

1.10135 

90.959 

0.934 

30 

70 

23.783 

70.124 

25.33 

74.67 

1.07470 

93.214 

0.738 

20 

80 

15.856 

80.142 

16.52 

83.48 

1.04880 

95.516 

0.502 

10 

90 

7.929 

90.160 

8.08 

91.92 

1.02395 

97.834 

0.260 

0 

100 


100.177 

0.00 

100.00 

1.00000 

100.177 

0.000 


Calculations: Density of water at 20°C = 0.99823. 

Density of 100% glycerol at 20°C = 1.26138. 

... ... . , •*. Wt Density of water 

Volume of liquid = Wt/Density = -—-———-• 

Sp. gr. of liquid. 
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tion checked by specific gravity determinations, using Gerlach’s tables. A 
second and similar series of solutions was prepared and saturated with 
salt. The solubility of sodium chloride in aqueous glycerol changes so little 
and so regularly with temperature that Diihring’s rule can be applied to 
such solutions although this is not true for salts in general. The composition 
of the glycerol-water-salt solutions is given in Table 7-18. 

Boiling points of each solution in the two series were measured at several 
pressures and from the data the Diihring lines were drawn as shown in 
Figures 7-5 and 7-6. These lines are obtained by plotting the boiling point 


Table 7-13. Specific Volumes and Densities of Mixtures of Glycerol 
with Water and with Methanol at 56°C 


% HtO 

Density 

Sp. VoL 

% MeOH 

Density 

Sp. Vol. 

0.00 

1.2400 

0.8065* 

0.00 

1.2400 

0.8065* 

4.36 

1.2279 

0.8144 

2.96 

1.2227 

CIX; 

17.65 

1.1929 

0.8383 

9.72 

1.1853 


37.92 


0.8777 

16.76 

1.1399 


42.81 

11119 

0.8876* 

23.89 

1.1006 

0.9086 

50.27 

1.1062 

0.9042 

31.02 


0.9416 

60.00 

1.0815 

v : 

34.99 

1.0418 


66.54 

1.0654 

mirzrm, 

50.61 

0.9642 

1.0371 

70.51 

1.0558 

0.9471 

56.22 


1.0653 

86.99 

1.0096 


66.17 

0.8942 

1.1183 

97.05 

0.9935 

1.0065 

90.40 

0.7963 

1.2558 

100.00 

0.9852 

1.0150 

100.00 

0.7604 

1.3151 


• The author*8 figures have been corrected. 


of one liquid (water) against another liquid (glycerol-solution) at a succes¬ 
sion of pressures. A straight line is thus obtained for each solution. 

From these graphs the boiling points of glycerol solutions at any concen¬ 
tration and pressure may be obtained. Such data are given in Tables 7-19 
and 7-20. 

Azeotropic, Binary and Ternary Mixtures 

Tabulation of data for an extensive list of binary and ternary mixtures, 
both azeotropic and nonazeotropic, has been made by Horsley 74 . Those 
pertaining to glycerol are given in Table 7-21. 

Using the method of Lecat, Horsley 75 prepared graphs showing the rela¬ 
tionship between boiling points and azeotropic composition. The equations 
of the graph are: 

5 = a + IAJ6 + A’c 
C = d + Ae + A*/ 
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Table 7-14. Some Physical Properties of Glycerol Solutions 


Parts by Wt of 
Glycerol in 100 
Parts of Solutioi 

Parts by Wt of Glycero: 
j with 100 Parts of Watei 

Specific Wt of Glycerol Solution 

— 

B.p. at 
760 mm 

CC) 

Vapor Pressure of 
Glycerol Solution 
at 100°C (mm) 

at I5*C, Water 
at I5*C - 1 

at 20®C, Water 
at 20°C = 1 

100 

Glycerol 

1.2653 

1.2620 

290 

64 

99 

9900 

1.2628 


239 

87 

98 

4900 

1.2602 

1.2568 

208 

107 

97 

3233.333 

1.2577 

1.2542 

188 

126 

96 

2400 

1.2552 

1.2516 

175 

144 

95 

1900 

1.2526 

1.2490 

164 

162 

94 

1566.666 

1.2501 

1.2464 

156 

180 

93 

1328.571 

1.2476 

1.2438 

150 

198 

92 

1150 

1.2451 

1.2412 

145 

215 

91 

1011.111 

1.2425 

1.2386 

141 

231 

90 

900 

1.2400 

1.2360 

138 

247 

89 

809.090 

1.2373 

1.2333 

135 

263 

88 

733.333 

1.2346 

1.2300 

fi-Sl 

279 

87 

669.231 

1.2319 

1.2279 

Bnxs 

295 

86 

614.286 

1.2292 

1.2252 

129 

311 

85 

566.666 


1.2225 

127.5 

326 

84 

525 

1.2238 

1.2198 

126 

340 

83 

488.235 

1.2211 

1.2171 

124.5 

355 

82 

455.555 

1.2184 

1.2144 

123 

370 

81 

426.316 

1.2157 

1.2117 

122 

384 

80 

400 

1.2130 

1.2090 

121 

396 

79 

376.190 

1.2102 

1.2063 

120 

408 

78 

354.500 

1.2074 

1.2036 

119 

419 

77 

334.782 

1.2046 

1.2009 

118.2 

430 

76 

316.666 

1.2018 

1.1982 

117.4 

440 

75 

300 

1.1990 

1.1955 

116.7 

450 

74 

284.615 

1.1962 

1.1928 

116 

460 

73 

270.370 

1.1934 

1.1901 

115.4 

470 

72 

257.143 

1.1906 

1.1874 

114.8 

480 

71 

244.828 

1.1878 

1.1847 

114.2 

489 

70 

233.333 

1.1850 

1.1820 

113.6 

496 

65 

185.714 

1.1710 

1.1685 

111.3 

553 

60 

150 

1.1570 

1.1550 

109 

565 

55 

122.222 

1.1430 

1.1415 

107.5 

593 

50 

100 

1.1290 

1.1280 

106 

618 

45 

81.818 

1.1155 

1.1145 

105 

639 

40 

66.666 

1.1020 

1.1010 

104 

657 

35 

53.846 

1.0885 

1.0875 

103.4 

675 

30 

42.857 

1.0750 

1.0740 

102.8 

690 

25 

33.333 


1.0610 

102.3 

704 

20 

25 

1.0490 

1.0480 

101.8 

717 

10 

11.111 

1.0245 

1.0235 

100.9 

740 

0 

0 

1.0000 


100 

760 
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where 

A = boiling point of component A minus boiling point of component B 
(A] = difference in boiling point of A and B (absolute value of A) 

C = azeotropic composition in weight per cent A 
5 = difference in boiling point of azeotrope and the lower boiling 
component 

a. b, c, d, e,f = constants for a given series of related azeotropes such ns 
glycerol-hydrocarbons. 

Table 7-17. Boiling Points of Pure Glycerol at Various Pressures 


mm Hg 

•c 

mm Hg 

•c 

800 

292.01 

60 

208.40 

760 

290.00 

50 

203.62 

700 

286.79 

40 

197.96 

600 

280.91 

30 

190.87 

500 

274.23 

20 

181.34 

400 

266.20 

15 

174.86 

300 

256.32 

10 

166.11 

200 

243.16 

8 

161.49 

100 

222.41 

6 

155.69 

90 

219.44 

5 

152.03 

80 

216.17 

4 

• 147.87 

70 

212.52 




Table 7-18. Amounts of Sodium Chloride in the Glyceroi/-Water 

Solutions at 25°C 


Solution 

Glycerol before 
saturation 
(%> 

g NaCl per 
100 -g solution 

A 

10.45 

24.5 

B 

20.3 

22.5 

C 

30.45 

20.5 

D 

40.15 

18.4 

E 

50.82 

16.2 

F 

60.10 

14.3 

G 

69.90 

12.2 

H 

75.83 

11.1 

I 

86.22 

9.4 

J 

95.64 

8.1 


Note that A may be positive or negative; [A] is always positive. Graphs 
for mixtures of glycerol with hydrocarbons and .glycerol with esters are 
given in Figure 7-7. 

Boiling point isotherms of the ternary mixture benzene-ethyl alcohol- 
glycerol at 750 mm as determined by McDonald 101 are shown in Figure 7-8. 

In the system ethyl alcohol-water-glycerol, the affinity of the glycerol 
for the water prevents the distillation of an alcohol-water azeotrope and 
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Figure 7-5. Diihring lines for the system glycerol-water 
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Figure 7-6. Diihring lines for the system glycerol-water saturated with sodium 
chloride. 
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anhydrous alcohol can be distilled from the mixture. This is the basis for 
certain commercial processes of making absolute alcohol. The addition of 
certain hygroscopic salts, particularly potassium carbonate, to the mixture 
makes the process more efficient. The dehydration is best carried out in a 


Table 7-19. Boiling Points of Glycerol-Water Solutions 
(Calculated from Duhring Lines of Figure 7-5) 


P rFttiir^ 

Boiling 

(Boiling Points *C) 

A I VjjUiC 

(Mm) 

point of 
water CO 

Water (%) 90 

80 ! 

70 

60 

50 

40 

30 

20 

10 

4.36 



Glycerol (%) 10 

20 

30 

40 

so 

60 

70 

80 

90 

95.64 

760.00 

100 

100.7 

u 


101.5 

106.7 

109.6 


121.5 

139.8 

175.8 

525.80 

90 


91.5 

92.8 

94.2 

96.3 




127.8 

161.1 

355.10 

80 


81.4 

82.6 

84.0 

86.0 

88.8 

92.8 

99.3 


146.5 

233.53 

70 


71.2 

72.4 

73.7 

75.6 

78.5 

82.2 

88.3 


132.1 

149.19 

60 

60.3 

61.0 


EE 

65.5 

68.1 

71.5 

77.3 

92.0 


92.30 

50 

50.2 

50.9 


53.4 

55.2 

57.6 

m 

66.2 

80.1 

103.1 


Table 7-20. Boilino Points of Glycerol-Water Saturated with 

Sodium Chloride 

(Calculated from Dtthring Lines of Figure 7-6) 


Pres¬ 

sure 

(Mm) 

Boiling 
point of 
water 
CC) 

(Boiling Points) 

Water (%) 100* 
Glycerol (%) Of 

90 

10 

80 

20 

70 

30 

60 

40 

50 

so 

40 

60 

30 

70 

20 

80 

10 

90 

4.36 

95.64 

760.00 

100 

108.7 

109.1 


111.1 

112.5 

114.2 

116.8 


El 

149.8 


525.80 

90 

rJM . * l 


99.2 

100.5 



106.0 


117.6 

137.1 

164.7 

355.10 

80 

87.7 

87.9 

88.7 

89.9 

91.2 



98.7| 


124.4 

149.9 

233.53 

70 

77.3 

77.3 

78.1 

79.3 



84.2 

87.7 

nr 

111.6 

135.2 

149.19 

60 

66.8 

66.6 

EE 

68.8 


71.3 

73.4 

76.7 

83.1 

98.9 

120.5 

92.30 

50 

56.5 

56.1 

1 57.0 

58.2 

| 59.4 

60.6 

62.6 

65.6 

71.7 

87.2 

• a % 

105.8 


• Values in this column were interpolated from data for saturated salt solutions 


taken by Badger and Baker, Chem. Met. Eng., 23, 573 (1920). 

f Represents the amount of glycerol in solution before saturation with sodium 

chloride. 

rectifying column in which the glycerol flows countercurrent to the alcohol 
vapors 88 • l08 * 107 . 

Vapor Pressure 

In common with other alcohols, glycerol has a lower vapor pressure than 
would be expected from its molecular weight. The relatively low vapor 
pressure is a result of molecular association, a characteristic of alcohols, 
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Formula 

HjO 

C*H«Br* 

CaHjNOi 

C.H.Oa 

C.H.O, 

C,H,NO* 

C 7 H 7 NO s 

C7H7NO1 

c 7 h, 

C7H.0 

C,H ,0 

C.H, 

C«H|Os 

c 8 h # o, 

C|H»Oi 

C1H10 

C.II.o 

C.H.oO 

C.H.oOa 

C*H ,«0 

C.H.oOa 

C.H.oOa 

C*IIioOj 

CjHu 

C*Hn 

C.oH, 

CioHioOj 

CioHioOi 

CioHiaO 

CioHiaOa 

CioHiaOa 

CioHnOa 

CioHuO 

C.oHuO 

C.oHuOa 


CioHio 

CioHie 

C,oH l# 

C11H10 


Table 7-21. Binary Systems Containing 
Azeotropic and Nonazeotropic 


Second Component 

Name 

Water 

p-Dibromobenzene 

Nitrobenzene 

Pyrocatechol 

Resorcinol 


B.P. CO 
100 

220.25 

210.75 

232.9 

281.4 


Glycerol 

Azeotropic Data 
B.P. CO Wt. % Glycerol 

Nonazeotropic 

217.1 10 

Nonazeotropic 

Nonazeotropic 

Nonazeotropic 


m-Nitrotoluene 

o-Nitrotolucne 

p-Nitrotoluene 

Toluene 

o-Cresol 


230.8 

229.5 32 

221.85 

220.8 8 

239.0 

235.7 17 

110.75 

Nonazeotropic 

191.1 

Nonazeotropic 


p-Crcsol 

Styrene 

Benzyl formate 
Methyl benzoate 
Methyl salicylate 


201.7 

145.8 
202.3 
199.45 
222.35 


Nonazeotropic 

Nonazeotropic 

Nonazeotropic 

Nonazeotropic 

221.4 7.5 


771-Xylene 
o-Xylcne 
Phenethyl alcohol 

7n-Dimcthoxybenzcne 

p-Methylacetophcnone 


139.0 

Nonazeotropic 

143.6 

Nonazeotropic 

219.4 

Nonazeotropic 

214.7 

212.5 7 

226.35 

Nonazeotropic 


Benzyl acetate 
Ethyl benzoate 
Ethyl salicylate 
Mesitylene 
Propyl benzene 


214.9 Nonazeotropic 

212.6 Nonazeotropic 

233.7 230.5 10-3 

164.6 Nonazeotropic 

158.8 Nonazeotropic 


Naphthalene 
Isosafrole 
Safrole 
Estragole 
Ethyl a-toluate 

Propyl benzoate 
Eugcnol 
Carvone 
Thymol 

771-Diethoxybenzene 

Camphene 

d-Limonene 

a-Pinene 

Thymene 

1-Methylnaphthalene 


218.05 

215.2 

10 

252.0 

243.8 

16 

235.9 

231.3 

14.5 

215.6 

213.5 

7.5 

228.75 

228.6 

7 

230.85 

228.8 

8 

252.7 

251.0 

14 

231.0 

230.85 

3 

232.8 

Nonazeotropic 

235.4 

231.0 

13 

159.6 

Nonazeotropic 

177.8 

177.7 

1 

155.8 

Nonazeotropic 

179.7 

179.6 

1 

244.9 

237.25 

18 
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Table 7-21 —Continued 


Formula 

Second Component 

Name 

B.p. co 

Azeotropic Data 

BJ>. CC) Wt. % Glycero 

CnH 10 

2-Methylnaphthalene 

241.15 

233.7 

16.5 

CuHhOs 

l-AUyl-3,4-dimethoxybcn- 

255.0 

248.3 

18 

CnHi«Oi 

zene 

1 ,2-Dimethoxy-4-propenyl- 

270.5 

258.4 

25 

CiiH,«Oj 

benzene 

Butyl benzoate 

249.8 

243.0 

17 

ChHhOj 

Isobutyl benzoate 

241.9 

237.4 

14 

CnHioO 

Methyl a-terpineol ether 

216.2 

214.0 

8 

CnHio 

Acenaphthene 

277.9 

259.1 

29 

CnHio 

Biphenyl 

254.9 

243.8 

55 

CnHioO 

Phenyl ether 

257.7 

246.3 

22 

C|jHi»Oa 

Isoamyl benzoate 

262.05 

251.6 

22 

CisHuOs 

Isoamyl salicylate 

279.0 

267.0 

— 

C„H,. 

1,3,5-Triethylbenzene 

215.5 

212.9 

8 

CiiHi.Oa 

Bornyl acetate 

227.7 

226.0 

10 

CuHioOa 

Phenyl benzoate 

315.0 

279.0 

55 

CijHu 

Diphenyl methane 

265.6 

250.8 

27 

CmHuOi 

Benzyl benzoate 

324.0 

282.5 

— 

C m Hi« 

1,2-Diphcnylethane 

284.0 

261.3 

32 



Figure 7-7. |A |-6 and A-C Curves for glycerol-hydrocarbon and glycerol-ester sys¬ 
tems. 

C. Azeotropic composition in weight per cent of glycerol. 

a Boiling point of lower boiling component minus azeotropic boiling point. 

|A| Absolute difference in boiling points of components. 

A Boiling point of glycerol minus boiling point of second component. 
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PTHYL ALCOHOL 



Figure 7-8. Boiling point isotherms of the system benzene-ethyl alcohol-glycerol 
at 750 mm. Temperatures indicated on the left and right slopes of the figure arc the 
boiling points of binary mixtures. Compositions are in per cent by weight. Area below 
the curves represents mixtures immiscible at 25°C. 


Table 7-22. Vapor Pressure of Pure Glycerol 


Temp. (°C). 

200 

190 

180 

170 

160 

150 

140 

130 

120 

110 

V. p. (mm Hg).. 

46.0 

30.3 

19.3 

12.1 

7.4 

4.30 

2.43 

1.35 

0.74 

0.385 

Temp. (°C). 

100 

90 

80 

70 

60 

50 





V. p. (mm Hg).. 

0.195 

0.093 

0.041 

0.017 

0.0067 

0.0025 






Table 7-23. Vapor Pressure of Glycerol-Water Solutions at 70°C and 
Apparent Molecular Weight of the Glycerol 


Moles Glycerol 

Moles Water 

% Wt. ol 

Glycerol 


Vapor Pressure 
mm Hg 

0.0259 

11.69 

189.6 

230.9 

0.0266 

11.97 

126.3 

229.3 

0.0540 

21.63 

96.4 

222.3 

0.1602 

45.02 

86.9 

199.9 

0.3079 

61.15 

81.4 

173.4 

0.6694 

77.38 

74.7 

128.1 

1.4390 

88.03 

71.0 

79.8 


water and other polar compounds. Some of the important uses of glycerol 
are dependent upon its relative non volatility, and consequently, there have 
been a number of determinations of the vapor pressure of glycerol and its 
solutions. 












Table 7-24. Vapor Compositions and Glycerol Partial Pressures in Equilibrium with Glycerol Solutions 
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From Figure 7-9 it is seen that at a given temperature, the proportion® r 
pJ^pSTo, glycerol in the vapor i»cn«e, »the pr«,ur.reduced. 



TEMPERATURE *C 


Figure 7-9. Composition of vapor in equilibrium with glycerol-water solutions 


Table 7-25. 

Vapor Pressure of Glycerol Solutions 

Mole H«0 per 
Mole Glyc. 

Glycerol 

1% Wt> 

v. ? . r . 

in mm Hg* 

(1S*C) 

0.185 

96.59 

0.41 

1.32 

0.386 

92.97 

0.86 

2.62 

0.651 

88.70 

1.34 

3.92 

0.905 

84.95 

1.72 

4.93 

1.158 

81.41 

2.02 

5.76 

1.424 

78.20 

2.29 

6.48 

1.744 

74.55 

2.52 

7.15 

2.093 

70.94 

2.74 

7.76 

2.792 

64.65 

3.08 

8.70 

3.519 

59.21 

3.32 

9.39 

4.595 

52.70 

3.55 

10.04 


* Calculated in terms of Hg at 0°C. 


From this it follows that if the partial pressure of glycerol is plotted against 
the total pressure for a series of concentrations at a given temperature and 
the curve extrapolated to the point where the partial pressure equals the 
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total pressure, the vapor pressure of pure glycerol at the given temperature 
will be obtained. Such results should be accurate to about 1 per cent or 
better above 170°C and slightly less accurate at lower temperatures. Vapor 
pressure values obtained in this way are given in Table 7-22 168 . 



Figure 7-10. Vapor pressure of water over glycerol solutions 


Measurement of the vapor pressure of pure glycerol by diffusion through 
a small orifice was made by Zil’berman-Granovskaya 191 . The vapor pressure 
at temperatures from 15 to 80°C may be expressed by the formula 

log p = 0.9655 - (1067 A/T) 

in which p = yapor pressure in millimeters of mercury and T = absolute 
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temperature. Accordingly, at 15°C p = 0.0018 mm and at 80°C p = 

0 ' 0 One 7 oT'the early determinations of the vapor pressure of glycerol solu¬ 
tions was made by Gerlach”- M who made h.s observations at 100 C (see 

Table 7-14). 


Table 7-26. DOhr.ng’s Constants and C a isolated Relative Vapor 
Pressure* of Glycerol Solutions from 0 to 70 O_ 


Glycerol (%) 


90 

80 

60 

40 

20 


DUhriog’s constant 


1.194 

1.106 

1.040 

1.022 

1.014 


( 0 *) 


0.324 

0.496 

0.700 

0.822 

0.900 


Relative vapor pressure 


( 20 *) 


0.320 

0.517 

0.738 

0.865 

0.942 


vapor pressure of solution 
Relative Vapor Pressure - pre5sur e of water 


(40*) 


0.309 

0.509 

0.738 

0.866 

0.939 


(70°) 


0.303 

0.505 

0.744 

0.862 

0.931 


Table 7-27. Concentration of Glycerol in Liquid and Vapor Phases 

THAT ARE IN EQUILIBRIUM 


Liu u id. 

75 


85 

A V« V/V 

86 

87 

• —O- 

88 

89 


,91 

92 


94 

Vapor. 

0.2 


m. 

0.45 

0.45 

0.5 

0.55 

0.55 


0.65 

1 

0.75 

Liquid. 

95 


97 

98 

99 








Vapor. 

0.85 

M 

1.2 

1.7 

17 









Table 7-28. Vapor Pressure of Pure Glycerol 


mm Hg .. 

°c.. 

1 

125.5 

5 

153.8 

10 

167.2 

20 

182.2 

40 

198.0 

60 

208.0 

100 

220.1 

200 

240.0 

400 

263.0 

760 

290.0 











The vapor pressures of solutions of various substances, including glycerol, 
were measured at 70°C by Perman and Price 126 . In Table 7-23 are given 
the vapor pressures of aqueous glycerol solutions and also the apparent 
molecular weight of the glycerol, calculated from the vapor pressure. Glyc¬ 
erol in high concentration causes a greater reduction in the vapor pressure 
of the water than can be accounted for by its molar concentration. This effect 
is due to the formation of hydrates. The degree of hydration increases with 
dilution and is indicated by the apparent molecular weights. It was also 
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found that the relative lowering of the vapor pressure of water by a given 
concentration of glycerol is the same at different temperatures. 

The vapor pressures and vapor compositions of glycerol-water solutions 
at pressures from 60 to 760 mm and at temperatures ranging from the 
boiling point of water at the given pressure up to 200°C were determined 
by Stedman 158 (see Table 7-24 and Figure 7-9). Composition of the vapor 
was determined by condensing it in a constant temperature still head and 
measuring the glycerol in the condensate with a Pulfrich refractometer 


Table 7-29. Vapor Pressure of Methanol in Contact with 




Glycerol at 40°C 


% wt 

Methanol 

Mole Fraction 

Observed 
Pressure (mm) 

Ratio: Observed 
Pressure to Pressure 
o( Pure Methanol 

6.26 

0.162 

62.1 

0.241 

8.55 

0.211 

83.6 

0.326 

18.33 

0.392 

137.5 

0.533 

25.53 

0.496 

167.1 

0.648 

38.28 

0.634 

199.6 

0.774 

56.27 

0.785 

222.6 

0.864 

83.68 

0.937 

244.8 

0.949 

100.00 

1.000 

257.4 

1.000 

Table 

7-30. Vapor Pressure of Water in 

Contact with Glycerol 



AT 70°C 


% wt 

Water 

Mole Fraction 

Observed 
Pressure (mm) 

Ratio. Observed 
Pressure to Pressure 
of Pure Water 

12.10 

0.410 

79.8 

0.341 

25.11 

0.599 

128.1 

0.548 

38.75 

0.764 

173.4 

0.741 

54.97 

0.862 

199.9 

0.855 

88.00 

0.974 

229.3 

0.980 

89.26 

0.977 

230.9 

0.987 

100.00 

1.000 

233.8 

1.000 


when the concentration was above 6 per cent or with a Rayleigh interferom¬ 
eter when the concentration was below 6 per cent. The composition of the 
vapor and the partial pressure of glycerol thus obtained were correlated with 
the boiling point and pressure in the distilling flask. 

Further data on the vapor pressure of glycerol solutions were obtained 
by Fricke and Haverstadt 62 . They connected a flask containing the test 
solutions to an evacuated system and measured the vapor pressure with an 
inclined manometer filled with oil. The readings thus obtained were con¬ 
verted to mm of Hg at 0°C (see Table 7-25). 

The vapor pressure of water over glycerol solutions of various concentra¬ 
tions and at various temperatures may be read from the nomograph in 
Figure 7-10* 27 . 
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The relative vapor pressure of a glycerol solution is but little affected 
bv changes in temperature between about 0 and 70°C. This has been shown 
experimentally by Grover and Nicol“ who measured the vapor pressures 
of glycerol solutions by determining the dew point of the air in equilibrium 
with the solutions. It may also be demonstrated by calculation of vapor 
pressures according to Diihring’s rule. This rule states that if a solution 
and water have the same vapor pressure pi at the temperatures I, and h 



Figure 7-11. Relative humidity over aqueous glycerol (20-100°C) 


respectively, and have the vapor pressure p 2 at the temperatures t 3 and t* 
respectively, then, 

«. - h)/(li - < 4 ) = K 

Values of K, Duhring’s constant, for several glycerol concentrations were 
calculated and with them the vapor pressures at various temperatures 
could be found. The Dtihring constants and relative vapor pressures are 
given in Table 7-26. 

The proportion of glycerol in the vapor above its aqueous solutions is 
very low except for the most concentrated solutions. Data obtained by 
Iyer and Usher 81 are given in Table 7-27. A distillation bulb completely 
immersed in a heating bath was used for this work. A large sample of solu- 
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tion (180 cc) was taken and only a small amount of distillate (0.1 to 0.25 
g) was removed. Glycerol concentrations of sample and distillate were de¬ 
termined by measurement of the refractive indices. The average composi¬ 
tion of the sample, measured before and after removal of the distillate, was 
used for calculations. Accuracy of the results was about 0.15 per cent of 


Table 7-31. Freezing Points of Glycerod-Water Solutions 


Glycerol by Wt (%) 

Water (%) 

Freezing-Points 

Glycerol by Wt (%) 

Water (%) 

Freezing Points 
CC) 

0.0- 

100.0 

0 

65.0 

35.0 

-43.0 

5.0 

95.0 

-0.6 

65.6* 

34.4 

-44.5 

10.0 

90.0 

-1.6 

66.0* 

34.0 

-44.7 

11.5* 

88.5 


66.7* 

33.3 

-46.5 

15.0 

85.0 

-3.1 

67.1* 

32.9 

-45.5 

20.0 

80.0 

-4.8 

67.3* 

32.7 

-44.5 

22.6 6 

77.4 

-6.0 

68.0* 

32.0 


25.0 

75.0 


70.0 

30.0 

-38.9 

30.0 

70.0 

-9.5 

70.9* 

29.1 

-37.5 

33.3* 

67.0 

-11.0 

75.0 

25.0 

-29.8 


65.0 

-12.2 

75.4* 

24.6 

-28.5 

40.0 

60.0 

-15.4 

79.0* 

21.0 


44.5* 

55.5 

-18.5 

80 



45.0 

55.0 

-18.8 

84.8* 

15.2 

-10.5 

50.0 

50.0 

-23.0 

85.0 

15.0 

-10.9 

53.0* 

47.0 


90.0 

10.0 

-1.6 

55.0 

45.0 

-28.2 

90.3* 

9.7 

-1.0 


40.0 

-34.7 

95.0 


7.7 

M'fWi 

39.6 

-35.0 

95.3* 

iMsm 

7.5 

64.0* 

36.0 

-41.5 

98.2* 

1.8 

13.5 

64.7* 

35.3 

-42.5 

100.0- 


17.0 





° Taken from literature. 

* Actual determination. 

Remaining values were interpolated from curve. 


the glycerol except at 99 per cent glycerol where the accuracy was about 
2 or 3 per cent. 

Stull 162 , using published data, prepared tables of vapor pressures for 
many compounds, including glycerol (Table 7-28). 

The vapor pressures of solutions of glycerol in both methanol and water 
were measured by Campbell 24 who noted the rise of mercury in an open 
manometer when a mixture of known composition was allowed to enter a 
space previously filled with hydrogen. The data for glycerol-methanol solu¬ 
tions at 40°C are given in Table 7-29. 

Similar measurements were made with glycerol-water solutions at 70°C 
(see Table 7-30). 
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Raoult’s law states that in dilute solutions the partial pressure (p) of 
the solvent is equal to the vapor pressure (P) of the pure solvent multiplied 
by its mole fraction (AT). 

p = PN 

Water solutions of glycerol follow this law if the glycerol concentration is 
not more than 7 per cent 34 . 



Fiqure 7-12. Freezing points of glycerol-water solutions 

Hygroscopicity 

Anhydrous glycerol will absorb moisture from the air, even though the 
amount of moisture present be very small. Glycerol of any concentration, 
exposed to air, will gain or lose moisture until a concentration is reached 
which is in equilibrium with the moisture in the air. Temperature change 
within normal atmospheric limits has no appreciable effect upon the equilib¬ 
rium concentration, provided a constant relative humidity is maintained. 
In Figure 7-11 is shown the relationship between gtycerol concentration 
and relative humidity. 

When the glycerol is exposed in bulk, as in a dish or other container, or 
when distributed in a mass such as glue or gelatin, the attainment of equi- 
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librium may take many days. If the glycerol is present as a thin film, such 
as would be used on textile or paper fibers, equilibrium is reached within a 
few minutes. Several humectants, including glycerol, were exposed as thin 
films on glass cloth. The humectants changed concentration at practically 
the same rate and adjusted themselves from 79 per cent to 16 per cent 
relative humidity within 35 minutes. Similar results were obtained when 
changing from low to high relative humidity 6 . 

Freezing Points of Solutions 

The freezing point of pure glycerol has been variously reported as 17.82°C 
(291°K)“, 17.9°C 78 , 18.0°C l3 °, 18.07°C“°, and 18.6°C lM . The figure 18.0°C 
may be accepted as a fair average. Although the melting point of pure glyc- 


Table 7-32. Freezing Points of Glycerol-Water Solutions (°C) 


% by Wt of 
Glycerol 

Lane 

Bureau of 
Standards 

Olsen. Brunjes, 
and Olsen 

Feldman and 
Dahlstrom 

Spangler and Davis 

10 

mm 

-1.7 



-1.99 


IPSEfl 

-4.8 


Bq I| 

-5.21 

30 


-9.4 

-9.8 


-9.92 

35 

-12.2 

-12.3 

-12.4 


-12.65 

40 

.-15.4 


-15.7 


-15.93 

45 

-18.8 

if&Zfll 

-18.6 


-19.90 

50 

-23.0 


-28.8 

-23.6 

-24.55 

55 



.... 

.... 

-30.10 

60 

-34.7 

warn 

-37.2 

-35.5 

-37.90 


erol is 18°C, the compound is seldom seen in the crystalline state because 
of its strong tendency to supercool and because of the pronounced effect of 
even small amounts of water in depressing its freezing point. Glycerol, 66.7 
parts by weight and water, 33.3 parts by weight (approximately 1: 2}^ 
moles), forms an eutectic mixture which has a freezing point of — 46.5°C. The 
freezing point curve for glycerol-water solutions which was established by 
Lane 96 is in general use. He determined the freezing points by noting the tem¬ 
perature at which crystals first appeared and continued to grow. The value of 
17°C which he uses for the freezing point was obtained by extrapolation of 
the curve and is a degree lower than the accepted value of 18°C based upon 
direct observations. The data of Lane are shown in Table 7-31 and Figure 
7-12. 

These results are in good agreement with previous work done at the 
United States Bureau of Standards 176 . The comparison is shown in Table 
7-32. 

More recently the freezing points of solutions containing from 10 to 60 
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per cent of glycerol have been redetermined and somewhat higher figures 
obtained. Spangler and Davies'” used vacuum-distilled glycerol of highest 
purity and plotted both the cooling and heating curves of the solutions. 
Temperatures were measured with a multiple junction thermocouple which 



GLYCEROL 

PER CENT BY WEICHT 


Figure 7-13. Freezing points of the ternary system glycerol-mcthanol-watcr 


Table 7-33. Freezing and Flow Points of Glyceroi^Water Solutions 


Comp< 

% by wt 

isitioo 

’ % by vol 

Freezing Point 

Flow Point 

CO 

CF) 

CC) 

CF) 

96 . 5 * 

100* 

96 . 5 * 

60* 

10 

9.65 

8.14 


-2.2 

28.0 

-3.0 

26.6 

20 

19.30 

16.62 


-5.3 

22.46 

-9.0 

15.8 

30 

28.95 

25.46 

■Iff 1 

-8.8 

16.3 

-15.8 

3.5 

35 

33.78 

30.03 

ESS 

-12.4 

9.5 

-18.0 

-2.0 

40 

38.60 

34.70 

1 v 1 

-17.2 

1.04 

-19.5 

-3.1 

45 

43.43 

39.47 

69.40 

-18.0 

0.4 

-20.5 

-4.9 

50 

48.25 

44.36 

78.03 

-21.4 

'mSSSm 

-28.0 

-18.4 

55 

53.08 

49.35 

86.91 

-27.5 


-35.9 

-32.6 

60 

57.90 

54.46 

| 95.98 

-34.0 


-41.9 

-43.6 

70 

67.55 

65.03 . 


-41.5 

Eafl 




* The per cent weight concentration of the glycerol on which the indicated com¬ 


positions are based. 
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had been calibrated at several points with an accuracy of ±0.06°C or better. 
Their data, together with comparable data from the literature, are given 
in Table 7-32. See also curve # 1 in Figure 7-14. 


Table 7-34. Freezinq Points of the Ternary System 
Glycerol-Methanol-Water 


% Wt of 


Total Blend in 

* 

s 

r* 


Methanol in 
Glycerol-Methanol 
Blend 

10% 

20% S 

30% 

40% 

50% 

Freezing Points. *C. 

0 

-1.9 

-5.4 

-9.7 

-15.6 

-23.6 

12.2 

-2.5 

-6.5 

-11.5 

-18.8 

-28.8 

20.4 

-3.2 

-7.7 

-13.5 

-21.5 

-32.7 

30.3 

-3.2 

-8.5 

-15.5 


-35.5 

39.1 

-4.2 

-10.0 

-17.5 


-39.2 

49.6 

-4.2 

-10.2 

-18.2 


-42.8 

60.5 

-5.2 

-12.1 


-32.5 

-46.7 

69.8 

-5.5 

-12.5 

-21.0 

-33.7 

-47.5 

81.2 


-13.8 

-23.5 

-36.2 


89.3 

-6.2 

-14.2 

-24.5 

-37.8 

-51.5 

100.0 

-6.3 

-15.2 

-26.5 

-39.8 

-53.2 


Table 7-35. Freezing Points of the Ternary System 
Glycerol-Ethylene Glycol-Water 


Blend 

% by Weight 

Total Blend in Aqueous SoIn n % by Weight 

10% 

20% 

30% 

40% 

50% 

60% 

Ethylene glycol 

Glycerol 

Freezing Points, *C. 

100.00 


-3.71 

-8.45 


-24.05 

-36.11 


90.26 

9.74 

-3.M 

-8.26 

felnKl 

-23.46 

-35.35 


71.40 

28.60 

-3.24 

-7.71 


-22.21 

-33.59 


48.87 

51.13 

-2.99 

-7.10 


-20.50 

-30.71 

-46.12 

25.03 

74.97 

-2.81 

-6.64 

-11.72 

-18.59 


-43.29 

11.28 

88.72 

-2.57 

-6.18 

-10.88 

-17.20 

-26.09 


0.00 

100.00 

-1.99 

-5.21 

-9.92 

-15.93 

-24.55 



The freezing and flow points of several antifreeze materials, including 
glycerol were determined by Olsen, Brunjes and Olsen 120 . The flow point 
was defined as the lowest temperature at which the solution, containing ice 
crystals, would flow freely through an orifice J^-inch in diameter (see Table 
7-33). 

A combination of a volatile antifreeze, i.e., methyl or ethyl alcohol, is 
sometimes used with glycerol in automobile engines. The glycerol reduces 
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the volatility of the alcohol slightly and assures a certain degree of perma¬ 
nent protection which will prevent complete solidification and breakage of 
metal by freezing if the alcohol is lost from the solution. The freezing points 
of the ternary system glycerol-methanol-water were determined by Feldman 
and Dahlstrom 45 whose data are shown in Table 7-34 and Figure 7-13. 

The ternary system of glycerol-ethylene glycol-water was studied by 
Spangler and Davies 157 who determined freezing points, densities and re- 
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Figure 7-14. Freezing points of the ternary system glycerol-ethylene glycol- 
water. 


Table 7-36. The Cryoscopic Constant of Glycerol 


Glycerol (*) 

Water (*) 

Al 

K 

11.4474 

0.0435 

0.690° 

3.27 

10.7008 

0.0610 

1.116° 

3.52 

11.4474 

0.1297 

2.326° 

3.69 


Al is the depression of the freezing point. 

K is the cryoscopic constant; the freezing point depression per mole of solute 
(water) in 1000 grams of solvent (glycerol). 

fractive indices. Densities were calculated to weights in vacuum. Refractive 
indices were measured at 25°C. These data are shown in Tables 7-35, 7-6 
and 7-68 and also in Figures 7-14, 7-2 and 7-48. 

Glycerol-water solutions may be used for refrigeration and quick freezing. 
See Specific Heat, page 288 and 424. 

Cryoscopic Constant 

The cryoscopic constant for glycerol was determined by Pushin and 
Glagoleva 130 whose results are given in Table 7-36. 

Certain approximations are made when calculating the cryoscopic con- 









276 


GLYCEROL 


stant. The magnitude of these approximations diminishes with decreasing 
concentration of the solute and at infinite dilution the true value will be 
obtained. The experimental results were therefore extrapolated to zero con¬ 
centration of water, at which point K = 3.1. This may be taken as the 
true value. 

Cubical Expansion 

The cubical expansion of partially frozen glycerol solutions has been 
measured by Guiteras and Reich 6 * whose results are shown in Figure 7-15. 



Figure 7-15. Cubical expansion of glycerol-water solutions when partially frozen 
Crystalline Glycerol 

The preparation of crystalline glycerol requires special techniques to over¬ 
come its tendency to supercool and to obtain a reasonably rapid rate of 
crystallization. Even small amounts of water or other impurities interfere 
with the crystallization. Seeding with glycerol crystals will greatly facilitate 
crystallization. However, when seed crystals are not available, spontaneous 
crystallization can be induced by cooling the glycerol to below — 40°C 
(preferably —50 to — 55°C) and then warming slowly to about 0°C 66> 14 0t 149 . 
Approximately one day is required for crystallization to be completed. Crys¬ 
tallization will occur between —25 and +13°C but the optimum tempera¬ 
ture is between about —9 to 0°C. The crystals are orthorhombic and very 
deliquescent. 

The rate of crystallization of supercooled glycerol reaches a maximum of 
0.118 mm/minute at -9°C in a tube of 10 to 12-mm inside diameter. 
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Below — 43°C the rate of crystallization was less than 0.0001 mm/minute. 
In a capillary tube of 0.3-mm inside diameter the maximum rate of crystal¬ 
lization was 0.108 mm/minute 160 . Other experiments in which the rate of 
crystallization was measured in a dilatometer confirmed the observation 
that the rate of crystallization is affected by the volume of glycerol. In this 
work the maximum rate of crystallization was observed at -3.5°C 168 . 

Crystallization as a means of purifying glycerol was apparently first tried 
by Karl Kraut whose method was patented 1 but the method was not used 
commercially. More recently Hass and Patterson have developed a process 
for crystallizing glycerol from a solvent 69 - :o . Of the solvents tested, 1-bu¬ 
tanol, 1 -propanol, 1 -pentanol and liquid ammonia were the most satisfac¬ 
tory. 1-Butanol was the preferred solvent. Approximately equimolar 



PKdoo'apK by Dr. If. B. /fait 
Figure 7-16. Glycerol crystals 


amounts of crude glycerol, such as that obtained by distillation of the 
hydrogenolysis products of carbohydrates, and butanol were mixed, cooled 
to —2 to —4°C and seeded with 5 per cent of glycerol crystals based on the 
weight of glycerol. The seeded solution was kept at — 3°C and stirred for 
2 hours. The crystals obtained were removed from the solution by filtration 
and washed with acetone. They were then melted and residual acetone re¬ 
moved by vacuum distillation. A yield of glycerol meeting 1’. S. Pharma¬ 
copoeia specifications and amounting to fiO per cent of the crude material 
distilling at 290°C was claimed 70 . 

Vitreous Glycerol 

When glycerol is supercooled its viscosity increases and it eventually 
become vitreous. The change from viscous liquid to rigid glass occurs within 
the temperature range of about -70 to -110°C. Within this range the 
individual physical properties undergo more abrupt changes within com- 
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r: ti : i ? ly T" te , m P erature intervals - When is in the vitreous 

state the values of its physical constants he nearer those of crystalline 

g ycerol than of liquid glycerol. For example, vitreous glycerol is solid and 

‘s comparable to a crystal in rigidity. The specific heat diminishes abruptly 

with change in state at about -83°C (see Specific Heat, Figure 7-20). The 

difference in entropy between liquid or amorphous glycerol and crystalline 

glycerol decreases from the melting point down to the temperature at which 

the properties of the amorphous glycerol undergo a sudden change from 

those of a supercooled liquid to those of a glass'” The coefficient of cubical 

expansion of amorphous glycerol changes at -62°C. Below this temperature 

241 X 10” 4 *. Above this temperature At; = 4.83 X 10 -4 (i l -f 62) 

+ j°tt 9 £ 10 ~ 6 ^ + 62)l * Reference ma y a ^o be made to the work of Parkes 
and Huffmann 122 and Guillien 84 . For an extended discussion of the vitreous 
state reference may be made to “The Nature of the Glassy State and the 
Behavior of Liquids at Low Temperatures” by Kauzmann 88 . 

Viscosity 


The high viscosity of glycerol is one of its distinctive characteristics and 
is the basis of some of its uses. Consequently, many measurements of its 
viscosity have been made. Different types of viscometers and different spe¬ 
cific gravity/concentration tables have been used, These differences to¬ 
gether with errors have resulted in disagreements among data from various 
sources. Probably the most precise work was that done by Sheely 148 who 
used three viscometers and regulated the liquid flow by controlled air pres¬ 
sure according to the method of Bingham and Jackson 10 . Especially selected 
triple-distilled glycerol from a commercial still was used. Dilutions were 
made with freshly boiled distilled water and the concentrations of the solu¬ 
tions were calculated from their specific gravities, using the Bosart and 
Snoddy specific gravity tables. No attempt was made to adjust the concen¬ 
trations to even per cent values. An accuracy of ±0.02 per cent was claimed 
for the determination of glycerol concentrations. Temperature control dur¬ 
ing the viscosity determinations was constant within ±0.05°C. A total of 
53 concentrations of glycerol ranging from 3.85 to 99.66 per cent was used. 
The viscosity data were plotted on large-scale curves and from these curves 
were read the absolute viscosities for glycerol solutions of even per cent 
values of concentration. The data thus obtained are suitable for use in the 
calibration of viscometers or for the determination of glycerol concentration 
thru measurement of its viscosity. See Table 7-37. 

The viscosity of glycerol solutions over almost the entire area of 0 to 100 
per cent glycerol and 0 to 100°C has been determined 147 and is given in 
Table 7-38. 

For this work, C.P. glycerol was vacuum distilled and the middle fraction 
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Table 7-37. Absolute Viscosities of Glycerou-Water Solutions 

in Centipoises 


Sp. Gr. 
(25/25*0 

Glycerol <3 

Viscosity 

>) 20*C 

224*C 

25 ®C 

27.5*C 

30*C 

Centipoises 

1.00000 

1.00235 

1.00475 

1.00710 

1.00950 

1.01185 

1.01425 

1.01660 

1.01900 

1.02135 

1.02370 
1.02620 
1.02865 
1.03110 
1.03360 

1.03605 

1.03850 

1.04100 

1.04345 

1.04590 

1.04840 

1.05095 

1.05350 
1.05605 
1.05860 

1.06115 

1.06370 

1.06625 

1.06880 

1.07135 

1.07395 
1.07660 
1.07925 
1.08190 
1.08455 

0.00* 

1.00 

2.00 

3.00 

4.00 

5.00 

6.00 

7.00 

8.00 

9.00 

10.00 

11.00 

12.00 

13.00 

14.00 

15.00 

16.00 

17.00 

18.00 

19.00 

20.00 

21.00 

22.00 

23.00 

24.00 

25.00 

26.00 

27.00 

28.00 

29.00 

30.00 

31.00 

32.00 

33.00 

34.00 

1.005 

1.029 

1.055 

1.083 

1.112 

1.143 

1.175 

1.207 

1.239 

1.274 

1.311 

1.350 

1.390 

1.431 

1.473 

1.517 

1.565 

1.614 

1.664 

1.715 

1.769 

1.829 

1.892 

1.957 

2.025 

2.095 

2.167 

2.242 

2.324 

2.410 

2.501 

2.597 

2.700 

2.809 

2.921 


0.893 

0.912 

0.935 

0.959 

0.984 

1.010 

1.037 

1.064 

1.092 

1.121 

1.153 

1.186 

1.221 

1.256 

1.292 

1.331 

1.370 

1.411 

1.453 

1.495 

1.542 

1.592 

1.644 

1.699 

1.754 

1.810 

1.870 

1.934 

2.008 

2.082 

2.157 

2.235 

2.318 

2.407 

2.502 


0.800 

0.817 

0.836 

0.856 

0.877 

0.900 

0.924 

0.948 

0.972 

0.997 

1.024 

1.052 

1.082 

1.112 

1.143 

1.174 

1.207 

1.244 

1.281 

1.320 

1.360 

1.403 

1.447 

1.494 

1.541 

1.590 

1.641 

1.695 

1.752 

1.812 

1.876 

1.942 

2.012 

2.088 

2.167 

* (water) 













Table 7-37 —Continued 



Centipoises 


1.08715 


1.09245 
1.09510 
1.09775 

1.10040 
1.10310 
1.10575 
1.10845 
1.11115 

1.11380 

1.11650 

1.11915 

1.12185 

1.12450 

1.12720 

1.12995 

1.13265 

1.13540 

1.13815 

1.14090 

1.14365 

1.14640 

1.14915 

1.15185 

1.15460 

1.15735 

1.16010 

1.16285 

1.16560 

1.16835 

1.17110 

1.17385 

1.17660 

1.17935 

1.18210 
1 . 18-180 
1.18755 
1.19025 
1.19295 


35.00 

36.00 

37.00 

38.00 

39.00 

40.00 

41.00 

42.00 

43.00 

44.00 

45.00 

46.00 

47.00 

48.00 

49.00 

50.00 

51.00 

52.00 

53.00 

54.00 

55.00 

56.00 

57.00 

58.00 

59.00 

60.00 

61.00 

62.00 

63.00 

64.00 

65.00 

66.00 

67.00 

68.00 

69.00 

70.00 

71.00 

72.00 

73.00 

74.00 


3 . 
3.169 
3.300 
3.440 
3 . 

3.750 

3.917 

4.106 

4.307 


4.715 


nwi 


5.206 

5.465 

5.730 


6.396 

6.764 

7.158 

7.562 

7.997 

8.482 

9.018 

9.586 

10.25 

10.96 
11.71 
12.52 
13.43 
14.42 

15.54 

16.73 

17.96 
19.40 
21.07 

22.94 
25.17 
27.56 
21 
33.04 


7.247 

7.676 

8.147 

8.652 

9.226 


Jltfl 


10.54 

11.26 

12.04 

12.90 

13.80 

14.84 

15.92 

17.19 

18.66 


7W<] 


21.97 

24.01 

26.41 


2.600 


2.249 

2.706 


2.335 

2.817 


2.427 

2.932 


2.523 

3.052 


2.624 

3.181 


2.731 

3.319 


2.845 

3.466 

• 

2.966 

3.624 


3.094 

3.787 


3.231 

3.967 


3.380 

4.165 


3.540 

4.367 


3.706 

4.571 


3.873 

4.787 


4.051 

5.041 


4.247 

5.319 


4.467 

5.597 


4.709 

5.910 


4.957 

6.230 


5.210 

6.582 


5.494 

6.963 


5.816 

7.394 


6.148 


7.124 

6.495 

8.312 

7.552 

6.870 

8.823 

8.015 

7.312 

9.428 

8.544 

7.740 

10.11 

9.107 

8.260 

10.83 

9.73 

8.812 

11.57 

10.38 

9.386 

12.36 

11.10 

10.02 

13.22 

11.88 

10.68 

14.18 

12.72 

11.45 

15.33 

13.64 

12.33 

16.62 

14.66 

13.27 

17.96 

15.96 

14.32 

19.53 

17.38 

15.56 

21.29 

18.89 

16.88 

23.28 

20.53 

18.34 

25.46 

22.34 

19.93 
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<3/25*0 


Glycerol (%) 


Table 7-37— Continued 



Ccntipoises 


1.19565 
1.19840 
1.20110 
1.20380 
1.20655 


75.00 

76.00 

77.00 

78.00 

79.00 


36.46 
40.19 
44.53 

49.57 

55.47 


31.62 

34.87 

38.50 

42.65 

47.53 


27.73 

30.56 

33.58 

37.18 

41.16 


24.47 

26.84 

29.59 

32.58 

36.06 


21.68 

23.60 
25.90 
28.68 
31.62 


1.20925 

1.21190 

1.21455 

1.21720 

1.21990 


80.00 

81.00 

82.00 

83.00 

84.00 


52.77 

58.74 

66.1 

74.5 

84.3 


45.86 

51.02 

56.90 

64.2 

72.2 


40.00 

44.15 

49.30 

55.10 

62.0 


34.92 
38.56 

42.92 
47.90 
53.63 


1.22255 
1.22520 
1.22790 
1.23055 
1.23320 

1.23585 
1.23718 
1.23850 
1.23983 
1.24115 

1.24248 

1.24380 

1.24513 

1.24645 

1.24778 

1.24910 

1.25038 

1.25165 

1.25295 

1.25425 

1.25555 

1.25685 

1.25815 

1.25945 

1.26073 

1.26201 


85.00 

112.9 

86.00 

129.6 

87.00 

150.4 

88.00 

174.5 

89.00 

201.4 

90.00 

234.6 

90.50 

255.0 

91.00 

278.4 

91.50 

302.8 

92.00 

• 

328.4 

92.50 

356.2 

93.00 

387.7 

93.50 

421.3 

94.00 

457.7 

94.50 

498.5 


95.00 

95.50 
96.00 

96.50 
97.00 

97.50 
98.00 

98.50 
99.00 

99.50 
100.00 


95.5 

109.1 

125.6 

145.7 

169.1 

194.6 

210.4 
227.0 

246.2 
267.9 

292.5 

318.6 

344.8 
374.0 
406.0 

443.8 
495.0 
532.0 
584.0 
645 


81.5 

92.6 

106.1 

122.6 

141.8 



241.2 

262.9 

285.7 


335.6 

366.0 

397.8 
435.0 

476.8 

522.9 


70.2 
79.0 

90.5 

104.0 

119.1 

37.3 
47 

158.8 

171.3 

185.6 

201.2 

217.7 
237.0 

255.8 

278.2 

301.8 

327.5 

357.6 
391.5 

428.4 

470.0 

514.4 
567 
629 
694 
764 


60.05 

68.1 

77.5 

88.8 

101.1 

115.3 

124.3 

134.4 
145.0 

156.5 

169.3 
182.8 

196.2 
212.0 
229.0 

248.8 

271.4 
296.7 

324.3 
354.0 

387.4 
424.0 
465.3 
511.0 
564 
624 









282 


GLYCEROL 


comprising about 70 per cent of the whole was taken. Its concentration was 
99.97 per cent by weight (sp. gr. 25/25°C = 1.26192). Nineteen solutions 
ranging from 10.20 to 99.97 per cent glycerol by weight were prepared by 
dilution with freshly boiled and cooled distilled water. The viscometers 
used were of the modified Ostwald type described by Cannon and Fenske 26 
and also by the American Society for Testing Materials 4 . Measurements 


Table 7-38. Viscosity op Aqueous Glycerol Solutions 

Centipoises 


Glyc.% 


Temperature (*C) 


WL 


10 

20 

30 

40 

SO 

60 

70 

EH 

90 

100 

0* 

mm 

mm 

■E9 

0.8007 

0.6S60 

0.6494 

0.4688 

0.4061 

BP 


0.2838 

10 

Mjni 

1.74 

1.31 

1.03 

0.826 

0.680 

0.676 


— 


— 

20 


2.41 

1.76 

1.35 

1.07 

0.878 

0.731 

0.635 

— 


— 

30 

5.14 

3.48 

2.50 

1.87 

1.46 

1.16 

0.856 

0.816 



— 

40 

8.25 

5.37 

3.72 

2.72 

2.07 

1.62 

1.30 

1.09 

0.818 

0.763 


60 

14.6 

8.01 

6.00 

4.21 

3.10 

2.37 

1.86 

1.53 

1.25 

1.06 


60 

28.8 

17.4 

10.8 

7.18 

6.08 

3.76 

2.85 

2.29 

1.84 

1.62 


66 

45.7 

25.3 

15.2 

8.85 

6.80 


3.66 

2.91 

2.28 

1.86 


67 

55.5 

28.8 

17.7 

11.3 

7.73 

WBM 

4.08 

3.23 

2.50 

2.03 


70 

76 

38.8 

22.5 

14.1 

8.40 

6.61 

4.86 

3.78 

2.90 

2.34 


75 


65.2 

35.5 

21.2 

13.6 

8.25 

6.61 

6.01 

3.80 

3.00 

2.43 

80 

255 

116 

60.1 

33.8 

20.8 

13.6 

8.42 

6.04 

6.13 

4.03 

3.18 

86 

540 

223 


58 

33.6 

21.2 

14.2 

10.0 

7.28 

5.52 

4.24 

80 

1310 

488 

218 

108 

60.0 

35.5 

22.6 

16.5 

11.0 

7.93 

■ 

81 

1580 

682 

258 

127 

68.1 

38.8 

25.1 

17.1 

11.0 

8.62 


82 

1850 

728 

310 

147 

78.3 

44.8 

LZM 

19.0 

13.1 

9.46 

■ flj 

83 

2400 

860 

367 

172 

88 

61.6 

31.6 

21.2 

14.4 


■JTJ 

84 

2830 

1040 

437 

202 

105 

68.4 

35.4 

23.6 

16.8 

PJm 


85 


1270 

623 

237 

121 

67.0 

38.9 

26.4 

17.6 



86 

4600 

1580 

624 

281 


77.8 

46.4 

28.7 

19.6 

13.6 

■fiWK 

87 

5770 

1850 

765 

340 

£1 

88.8 

61.9 

33.6 

21.9 

16.1 

10.9 

88 

7370 

2460 

838 

408 

186 

104 

59.8 

38.6 

24.8 

17.0 

12.2 

88 

8420 

3080 

1150 

500 

235 

122 

69.1 

43.6 

27.8 

19.0 

13.3 

100 

12070 

3800 

1410 

612 

284 

142 

81.3 

60.6 

31.9 

21.3 

14.8 


* Viaooaity of water Uken from "Propertiea of Ordinary Water-SubaUnoe," N. E. Dorsey, p. 184. No* 
York (1840) 


were made in a thermostat whose temperature was constant within ±0.05°C 
below 60°C and =fc0.1°C above 60°C. Thermometers used were calibrated 
by the U. S. Bureau of Standards. Five viscometers were used to cover the 
range of viscosities of the solutions. Experimental data were adjusted to 
even figures of temperature and concentration by interpolation. These data 
were plotted on large-scale curves and intermediate points read from the 
curves. Data for a few of the most dilute solutions at the higher tempera¬ 
tures could not be accurately determined because of the short time of flow 
in the viscometers and so were obtained by extrapolation. Accuracy of the 
data is about ±1 per cent for determinations made below 60°C. Above 
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60°C the accuracy diminishes to about ±3 per cent for the highest temper- 

atures and lowest concentrations. j 

A comparison of the viscosity values for 20 and 30 C with the correspond¬ 
ing values obtained by Sheely shows the former to be consistent y slightly 
lower. The difference may be attributed to the use of different types of 
viscometers and the attendant corrections and calculations. 

The viscosity of glycerol solutions below 0°C was determined by Green 
and Parke”, who used Ostwald viscometers except with 66.7 per cent gly¬ 
cerol at — 40°C, in which case a falling ball viscometer was used (see Table 

7 The viscosity of supercooled pure glycerol was determined by Tammann 


Table 7-39. Viscosity of Glyceroi^Water Solutions at Low 
Temperatures in Centipoises 


Tei 

Glycerol % wt 

tnp. 

F.p.*C 

-s*c 

-io*C 

—20*C 

—30*C 

—40*C 

10 

-1.6 


— 

— 

— 

— 

20 

-4.8 

— 

— 

— 

— 

" 

30 

-9.5 

6.5 

— 

— 

— 

— 

40 

-15.4 

10.3 

14.4 

— 

— 

— 

50 

-23.0 

18.8 

24.4 

48.1 

— 

— 

60 

-34.7 

41.6 

59.1 

108.0 

244.0 

— 

66.7 

-46.5 

74.7 

113.0 

289.0 

631.0 

1398.0 

70 

-38.5 

110.0 

151.0 

394.0 

1046.0 

— 

80 

-20.3 

419.0 

683.0 

1600.0 

— 

— 

90 

-1.6 


— 





and Hesse 187 , who used a falling ball viscometer (see Table 7-40). When 
glycerol is supercooled, its viscosity increases slowly at first, then very 
rapidly until the glycerol has become hard at about — 89°C. Then the 
viscosity again increases slowly with lowering temperature. The viscosity 
is about 10 13 poises when the glycerol becomes hard. In Table 7-41 are 
given the calculated temperatures for certain viscosities of supercooled 
glycerol. 

The viscosity of glycerol at high temperatures has been measured by 
Vand 176 who used Ostwald viscometers. From the data obtained with 98.4 
and 99.6 per cent glycerol, the viscosity of pure glycerol was calculated. 
An equation was also presented, with which the viscosity of glycerol con¬ 
taining small amounts of water and at temperatures from 80 to 167°C, or 
higher, may be calculated. Comparison of calculated values with observed 
values shows an average agreement within 0.7 per cent. The formula for 
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calculating viscosity when water is present is 


logiorj = 1.9367 — 


2.700 X 10* 
T 


+ 


0.90 X 10* 
T* 


- 0.043C 


in which -q is the dynamic viscosity of glycerol containing C per cent by 
weight of water and T is the absolute temperature. (Ice point = 273.1G°K). 
In Table 7-42 are given the calculated viscosities of pure glycerol at high 
temperatures. 


Table 7-40. Viscosity of Supercooled Glycerol 


Glycerol + 

0.5 % Water 

Glycerol, Anhydrous 

CO 

(Poises) 

CO 

(Poises) 

-40.9 

45000 

-42.0 

67100 

-37.0 

22000 

-41.8 

63000 

-34.0 

10600 

-36.3 

21700 

-34.0 

10800 

-36.0 

20500 

-30.0 

5220 

-28.9 

5360 

-26.0 

2830 

-25.0 

2600 

-13.9 

407 

-25.0 

2640 

-13.9 

405 

-20.0 

1340 

-6.1 

142 

-19.5 

1230 

-6.1 

144 

-15.4 

665 

-6.0 

137 

-10.8 

357 

+2.0 

53.8 

-10.8 

352 

+ 1.8 

56.5 

-4.2 

148 

+1.7 

62.4 

-4.2 

149 

+6.3 

34.4 



+6.3 

35.7 



+9.1 

26.7 



+9.2 

26.0 



+ 12.8 

18.4 



+ 12.8 

18.3 




Table 7-41. Calculated Temperatures Related to Viscosities of 
Supercooled Glycerol Containing 0.5 Per Cent of Water 


Viscosity (poises) 
°C. 



10“ 

10* 

10 4 

10* 

10* 

10 

• • • 

-89 

-45 

-33.5 

-20 

-3.5 

+ 18 


Table 7-42. The Viscosity of 100 Per Cent Glycerol at High 

Temperatures 


°C. 

80 

90 

100 

110 

120 

130 

140 

Centipoise. 

32.18 

21.20 

14.60 

10.48 

7.797 

5.986 

4.726 

°C. 

150 

158 

167 





Centipoise. 

3.823 

3.282 

2.806 
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The viscosity of glycerol increases rapidly with increasing pressure, to 

such an extent that when logic ^ is plotted against P a nearly straight line 

is obtained (v = relative viscosity, referred to the viscosity at 30°C and 
1-atm. pressure as unity. P = pressure) 16 . 

Generally, electrolytes dissolved in anhydrous glycerol and glycerol solu- 



Fjgurk 7-17. Change of kinematic viscosity with temperature: Glycerol-ethyl 
alcohol. 

tions increase their viscosity but a few have the opposite effect. Ammonium 
bromide and iodide, rubidium chloride, bromide and iodide and cesium 
chloride and nitrate belong in this latter group. The viscosity reduction is 
greater with higher salt concentration, higher glycerol concentration and 
higher temperature. Cesium salts are more effective than rubidium salts. 
A 0.50 molar solution of CsCl in 75 per cent glycerol will reduce its visosity 
from 0.3303 to 0.3092 poise at 25°C or from 0.2207 to 0.1945 poise at 37°C 32 - 
13 • M - Potassium iodide also lowers the viscosity of glycerol 19 . 

The kinematic viscosity of glycerol-alcohol and glycerol-alcohol-water 
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solutions was measured by Keulegan 87 . For this work he used 96 per cent 
glycerol and 98 per cent ethyl alcohol. The results are shown in Figures 
7-17 and 7-18. In these figures the ordinates n# are defined by the equation 

n, = lo&o 7 - 
ho 

in which U and are the times of viscometer discharge at the temperatures 



Figure 7-18. Change of kinematic viscosity with temperature. Glycerol and 60-50 
water-ethyl alcohol. 

0 and 30° respectively. Since the values of t (time) and v (kinematic viscos¬ 
ity) are proportional within small limits, the above equation is, for most 
purposes, equal to 

n, =» logio — 
v u 

Therefore, Figures 7-17 and 7-18 show the rate of change of kinematic vis¬ 
cosity with temperature. 

Viscosities of mixtures of glycerol with methyl alcohol and with ethyl 
alcohol are given by Pisarzhevikii and Trachoniotovskii 1 * 8 (see Table 7-43). 
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The viscosity of the ternary system glycerol-ethyl alcohol-water was 
measured at 25°C by Ernst, Watkins and Ruwe 4 * (see Table 7-5 and Figure 

7_19) 

The viscosity of solutions of sugar in glycerol has been studied by Volaro- 
vich 180 , by Deryagin and Khananov 38 , and by Umanskii and Simanova 174 . 
Parks and Gilkey 121 studied the viscosity of mixtures of glucose and glycerol. 


Table 7-43. Viscosity of Mixtures of Glycerol with Methyl 
Alcohol and with Ethyl Alcohol 
Centipoises 


Methyl Alcohol 
(% Wt.) 

2J-C 

45*C 

Ethvl Alcohol 
<% Wt) 

2S*C 

45*C 

0 

875 


0 

875 

311 

9.8 

375 


9.9 

504 

187.1 

24.8 

97.7 


24.8 

167 

77.6 

49.4 

14.38 


49.1 

24.58 

21.8 

74.3 

2.75 


73.6 

6.17 

4.76 

87.8 

1.23 

1.22 

100.0 

1.23 

1.25 

100 

0.63 

0.71 






WATER ETHYL ALCOHOL 


Figure 7-19 (a) and (b). Viscosity of glycerol-ethyl alcohol-water at 25°C 
Specific Heat 

The specific heat of pure glycerol in the liquid, vitreous and crystalline 
states was determined by Gibson and Giauque 58 , whose data are given in 
Tables 7-44 and 7-45 (see also Figure 7-20). 

Oblad and Newton 118 criticized the data of Gibson and Giauque for super¬ 
cooled glycerol on the ground that insufficient time was allowed for the 
sample to reach equilibrium at temperatures below 190°K. They determined 
the specific heat of supercooled glycerol from 292.6 down to 166.9°K and 
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obtained results which agreed with those of Gibson and Giauque above 
190 K, but below this temperature they did not observe a sharp change in 
the specific heat. Instead, a plot of their data shows a smooth continuation 
of the curve at 190°K as shown by the dotted line in Figure 7-20. 

Volmer and Marder 1 " give 0.389 cal/g as the specific heat of crystalline 
glycerol at 6 to 11 °C. 

The specific heat of the system glycerol-ethyl alcohol-water at 25°C was 
determined by Ernst, Watkins and Ruwe 4 * who measured the temperature 
rise caused by a measured quantity of electricity flowing thru a heater 
immersed in the sample (see Table 7-5 and Figure 7-21). 

The specific heat of a solution of glycerol may be calculated from the 
specific heat of the solvent and of the glycerol through the formula 

(3/ -f m)S = $M + $'m 

in which 

M - the weight of the solvent 
m - the weight of the glycerol 
S - the specific hent of the solution 
s - the specific heat of the solvent 
s' ■■ the specific heat of glycerol in solution 

The specific heat of many substances in aqueous solution is higher than 
when in the pure state. Magie found the specific heat of pure glycerol to be 
0.575 at 14 to 26°C ,W - m . Bennewitz and Kratz 8 found the specific heat of 
pure glycerol to be 0.576 cal °C/gram and of aqueous glycerol 0.700 at 
1 26 per cent concentration, 0.612 at 4.87 per cent concentration and 0.608 
at 11.25 per cent concentration. 

An extensive study of the specific heat and heat capacity of glycerol-water 
mixtures at temperatures from +32 down to -25°F was made by Gucker 
and Marsh 62 . The specific heat of the liquid and ice phases, the heat of 
fusion of the ice and the heat of solution of water (from the ice) in the 
solution were all taken into account in making the calculations. An accuracy 
or =bl per cent for the solutions and of ±8 per cent for the two phase 
mixture was attained. The specific heats of glycerol-water mixtures are 
given in Table 7-46 and in Figures 7-22 and 7-23. 

Specific heats of aqueous glycerol solutions and partial heats of solution 
of water in aqueous glycerol solutions are given in Figure 7-24. 

Glycerol-water mixtures are useful in refrigerating and quick-freezing 
equipment. They arc particularly useful in the food industry because glyc¬ 
erol is edible and has an agreeable sweet taste. Consequently, accidental 
contamination of food with the refrigerant would not be as objectionable 
as when a brine is used. In quick freezing fruits and vegetables by immer¬ 
sion, the freezing bath used may be a glycerol solution. For refrigeration, 
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glycerol solutions in cans may be frozen to a semi-solid slush without break¬ 
ing the container. These chilled cans may be used to maintain temperatures 
below that of plain ice. Hospital ice bags filled with a 10 to 15 per cent glyc¬ 
erol solution can be permanently sealed and frozen in a refrigerator when 
needed. In such uses a knowledge of the total heat absorbed by the mixture 
when warmed over a temperature range is desirable and may be obtained 
by integration of the curves of Figure 7-24 (see Table 7-47). 


Table 7-44. Specific Heat of Glycerol, Glass and Liquid 


Temperature 

Cm per g 

Temperature 

C P per g 

(*K) 

CO 


CK> 

CC) 

70.2 

-202.8 

0.1116 

459.3 

-113.7 

mm 

72.5 


0.1148 

165.0 

-108.0 


73.9 

-199.1 

0.1166 

167.9 

-105.1 

in 

77.3 

-195.7 

0.1204 

173.4 

-99.6 

0.2338 

82.1 

-190.9 

0.1260 

179.8 

-93.2 

0.2467 

83.3 

-189.7 

0.1279 

187.4 

-85.6 

0.4325 

86.6 

-186.4 

0.1325 

191.6 

-81.4 

0.4603 

87.4 

-185.6 

0.1335 

192.6 

-80.4 

0.4556 

92.3 

-180.7 

0.1403 

195.6 

-77.4 

0.4578 

93.9 

-179.1 

0.1420 

201.0 

-72.0 

0.4615 

102.0 

-171.0 

0.1522 

203.7 

-69.3 

0.4633 

104.1 

-168.9 

0.1542 

206.4 

-66.6 

0.4661 

111.2 

-161.8 

0.1616 

209.6 

-63.4 

0.4700 

115.3 

-157.7 

0.1644 

218.7 

-54.3 

0.4775 

122.0 

-151.0 

0.1708 

227.1 

-45.9 

0.4874 

125.6 

-149.4 

0.1730 

240.1 

-32.9 

0.5026 

135.9 

-137.1 

0.1834 

257.9 

-15.1 

0.5218 

144.9 

-128.1 

0.1917 

275.4 

+2.4 

0.5431 

148.8 

-124.2 

0.1981 

282.2 

+9.2 

0.5537 

153.1 

-119.9 

0.2032 

291.4 

299.4 

+ 18.4 
+26.4 

0.5658 

0.5795 


(C p - calorics per degree.) 


By reference to Table 7-46 the most efficient mixture to act as a thermal 
buffer at a given temperature can be selected. For example, if a temperature 
of about 0°F is to be maintained, a 40 per cent solution of glycerol would 
have the largest specific heat, which is 2.4. Similarly, if a temperature of 
about — 20°F is to be maintained, a 55 per cent solution should be used, 
its specific heat of 1.6 being larger than that of any other mixture at that 
temperature. Table 7-46 may be used to select the solution which will be 
the most efficient refrigerant over a given temperature range. For example, 
if a container of the solution is chilled to -20°F and used to maintain a 
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temperature below 0°F, the amount of heat absorbed by one pound of 
solution in warming from -20 to 0°F is found by subtracting the value at 
0°F from that at — 20°F in any given column. By comparison of the differ¬ 
ences in the various columns, it is found that the greatest heat capacity is 
provided by the 40 per cent solution which will absorb 75-35 = 40 BTU 
per pound. 


Table 7-45. Specific Heat of Glycerol, Crystalline 


Temperature 

r_ nrr a 

Temperature 


CK) 

CO 

per g 

CK) 

CO 

Cp per g 


-203.1 

0.1087 

131 

-134.9 

0.1846 


-202.7 

0.1091 


-124.3 

0.1945 


-201.7 

0.1106 


-111.2 

0.2081 

76.1 

-196.9 

0.1159 

KH 

-99.4 

0.2193 

76.2 

-196.8 

0.1154 

183.5 

-89.5 

0.2290 


-192.3 

0.1223 

193.7 

-79.3 



-191.6 

0.1234 

204.1 

-68.9 

0.2497 


-189.9 

0.1249 

205.1 

-67.9 

0.2493 

85.9 

-187.1 

0.1289 


-57.4 

0.2599 


-187.0 

0.1291 


-54.9 

0.2618 


-184.3 

0.1321 


-46.3 

0.2622 


-180.4 

0.1374 

245.3 

-27.7 

0.2922 

■EXM 

-179.1 

0.1399 

249.3 

-23.7 

0.2944 

98.1 

-174.9 

0.1453 

259.7 

-13.3 

0.3095 

104.7 

-168.3 

0.1524 

269.9 

-3.1 

0.3232 

115.7 

127.8 

-157.3 • 
-145.2 

0.1632 

0.1742 


+7.0 

0.3778 


( C p = calories per degree.) 


Flash and Fire Points, Auto Ignition Temperature 

The flash and fire points of 99 per cent glycerol are 350°F (177°C) and 
400°F (204°C) respectively when determined in a Cleveland open cup, using 
the procedure described in Test D92-33 of the American Society for Testing 
Materials 146 . When aqueous glycerol is tested it will not flash until enough 
water has evaporated to bring the glycerol concentration to about 97.5 per 
cent by weight. It will then flash at 375°F (190°C). This higher flash point 
may be due to the water vapor accompanying the glycerol vapor. Continu¬ 
ation of the test to the fire point results in further concentration of the 
glycerol to about 98.6 per cent by weight. At this concentration the fire 
point, 400°F (204°C), is reached. 

The auto ignition temperature of glycerol is 973°F (523°C) on platinum 
or 804°F (429°C) on glass 108 . The ignition temperature of glycerol in oxygen 
at 1 atmosphere pressure is 412°C and at 33 atmospheres is 205°C 79 . 
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Heat of Fusion and Vaporization 

The heat of fusion of crystalline glycerol was found to be 47.50 cal/g or 
4370 cal/mole at 291.00°K by Gibson and Giauque 66 . Volmer and Marder 183 
obtained the value of 47.9 cal/g or 4414 cal/mole. 

The heat of vaporization may be calculated with the simplified Clapey- 
ron-Clausius equation. 

Pl L T x - T t 
LOg p, R' T,T, 



Figure 7-20. Heat capacity of glycerol 
CP - cal./gram per degree 
Solid line is from data of Gibson and Giaugue 
Dotted line is from data of Oblad and Newton 



oco^ RE 7 ‘ 21 (a) and s P ecific heat of the system glycerol-ethyl alcohol-water 
at 25 C. 



292 


GLYCEROL 


in which ?! and p 2 are the vapor pressures of glycerol at the absolute 
temperatures T, and T it R is the constant 2.303 X 1.987 and L is the molar 
heat of vaporization. Such calculations were made by Stedman ,SH who 


Ta ble 7-46. Specifi c Heats ok Glycerol-Water Mixtures 

Specific Heats, Cal/G/'C or BTU/Lb/'F 


Glycerol 




25% 

30% 

• 35% 

40% 

45% 

50% 

55% 

60% 

65% 

35 

1.7 

0.88 

0.87 


m 

0.82 

m 

0.77 

0.74 

S3 

30 

-1.1 

0.88 

0.86 

0.85 


0.81 

0.79 

0.76 

0.73 

nti 

25 

-3.9 

0.87 


0.84 

0.82 

Ej 

0.78 

0.75 

0.72 

0.69 

20 

-6.7 


K2J 

0.83 

0.82 

0.79 

0.77 

0.74 

0.71 

0.68 

19.0* 

-7.2 

6.8- 


* * 







15- 

-9.4 

4.1 

4.8- 

0.82 


0.78 

0.76 



0.67 

10.4- 

-12.0 


• • 

S3 





■ 


10 

-12.2 

2.7 

3.2 



0.78 

0.75 

0.72 

0.69 


5 

-15.0 

2.1 

2.4 

si 

0.79 

0.77 

0.74 

0.71 

0.67 

.0.65 

4.6- 

-15.2 

.. 

.. 


2.9- 



• • 



0 

-17.8 

1.7 

m 


2.4 

0.76 

S3 

0.70 

0.66 

0.63 

-1.8- 

-18.8 

• • 




2.4- 


in 

• • 


— 5 


1.4 


1.8 

2.0 

2.2 

0.72 



0.62 

-9.6- 

-23.1 


■ill 

• • 


• • 

ra 


H 


-10 

-23.3 

1.2 

1.4 

1.6 

1.7 

1.9 

nm 

0.68 


0.61 

-15 

-26.1 

1.1 

1.2 

1.3 

1.5 

1.6 

1.7 

0.67 


0.60 

-18.9- 

-28.3 




• • 



1.7- 


• • 

ULMl 


1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 



-25 


m 

1.0 

1.1 

1.2 

1.25 

1.3 

1.4 

m 



* Estimated freezing point, and maximum specific heat for mixture of this com¬ 
position. 

The horizontal lines in each column mark the lower limit of the one-phase 
systems. 


obtained the vapor pressure of pure glycerol by plotting partial pressure 
against total pressure for several solutions at a given temperature and 
extrapolating the curve until the partial pressure equaled the total pressure. 
His partial pressure data are given in Table 7-24 and the calculated heats 
of vaporization are given in Table 7-48. 
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Figure 7-22. Specific heats of glycerol-water mixtures at various temperatures 



!• igure / -23. Specific heats of glycerol-water mixtures of various compositions 
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V.J V" 

FRACTION GLYCEROL, BY WEIGHT 


Figure 7-24. Speci6c heats of aqueous solutions of glycerol at the freezing points 
(a) and partial heats of solution of water in glycerol solutions at room tempera¬ 
ture (b). 


Table 7-47. BTU Required to Heat One Pound of Glyceroi^Water 
Mixture from Listed Temperature to 32°F 


55 % 60 % 65 % 



15 33 


10 49 


5.9 5.8 5.6 5.5 5.3 5.1 4.9 

10.1 9.8 9.6 9.3 9.0 8.6 8.3 

14.2 13.8 13.5 13.2 12.6 12.2 11.6 


17.8 17.4 

21.6 21.2 


24.9 24.3 


-10 86 
-15 91 

-20 97 

-25 102 



16.3 15.6 15.0 
19.8 19.0 18.2 


22.4 21.4 


26.8 25.7 24.6 




27.7 
32.2 30.8 

35.4 33.8 

38.5 36.8 


Values above horizontal lines are for solutions, those below for two-phase mushes 
melting at temperatures listed in Table 7-46. 
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The irregularity in the calculated values of L was attributed to difficulties 
in making the original measurements and to the indirect calculations neces¬ 
sary to obtain the final result. 

Published values for the latent heat of evaporation of glycerol solutions 26 
are erroneous.* 

Entropy 

The entropy of amorphous (supercooled) glycerol exceeds that of crystal¬ 
line glycerol but the difference diminishes with lowering temperature down 
to the temperature at which the viscous glycerol is transformed to the 
vitreous state. Below this temperature it is claimed that the entropy of the 
vitreous glycerol remains constant but that of the crystalline glycerol di¬ 
minishes to zero at 0°K 161 . It was found that the entropy of supercooled 
glycerol exceeds that of crystalline glycerol by 4.6±0.3 cal/deg per mole 162 . 


Table 7-48. ^Ieat of Vaporization of Glycerol 


°c. 

195 

185 

175 

165 

155 

145 

135 

125 

L — cal/mole.. 

18,170 

18,780 

18,610 

18,740 


19,810 

19,430 

18,925 

°C. 

115 

105 

95 

85 

75 

65 

55 


L - cal/mole. 

19,530 

19,300 

19,910 

20,840 






The entropy of supercooled glycerol is 5.6=fc0.1 cal/deg per mole at 0°K 66 . 
The increments of molal entropy of crystalline glycerol are 9.9 from 0 to 
90°K and 39.82 from 90 to 298°K, making the total entropy 49.7 at 298°K 123 . 

Solubility and Solvent Power 

Because of its hydroxyl groups glycerol has solubility characteristics 
similar to those of water and the simple aliphatic alcohols. It is completely 
miscible with water, methyl alcohol, ethyl alcohol, n-propyl alcohol, isopro¬ 
pyl alcohol, n-butyl alcohol, isobutyl alcohol, sec.-butyl alcohol, tertiary 
amyl alcohol, ethylene glycol, propylene glycol, trimethylene glycol and 
phenol. It is soluble to the extent of 5 per cent by weight in acetone at 
ordinary temperature. Nine parts of glycerol are soluble in 100 parts of 
ethyl acetate. It also has limited solubility in dioxane and ethyl ether. It is 
practically insoluble in higher alcohols, in fatty oils and in the hydrocarbons 
and chlorinated solvents such as hexane, benzene and chloroform. It is com¬ 
pletely miscible with ethylene glycol monomethyl ether and ethylene glycol 

• Private communication from one of the authors referring to Ind. Ena Chem 
17, 646 (1925), Table VI. 
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monoethyl ether but it is miscible with only a limited amount of ethylene 
glycol monobutyl ether. 

1 he introduction of hydroxyl and amine groups into aliphatic and aro¬ 
matic hydrocarbons increases their miscibility with glycerol, while the 
introduction of alkyl groups decreases their miscibility. As the size of the 
alkyl group in secondary and tertiary monoamines increases, the miscibility 
of the compound with glycerol decreases. Heterocyclic compounds which 
contain a nitrogen atom in the ring, for example pyridine, quinoline, piper¬ 
idine and a-picoline, are in general readily miscible with glycerol 103 • m . 
Solubility data for a number of compounds and glycerol are given in Table 
7-49. In this table are given the concentrations in per cent by weight of 
various substances added to glycerol and the temperatures above which 
each mixture becomes miscible. The glycerol used was of “British Phar¬ 
macopeia” quality,-n” 8 = 1.4634. The data are shown graphically in 
Figures 7-25 to 7-33 inclusive. 

Although glycerol is completely miscible with either water or tertiary 
amyl alcohol, a mixture of the three substances will form two liquid phases. 
The composition of the two layers will depend upon the temperature and 
proportions of the ingredients. By means of this action, glycerol can be 
extracted from crude products 41 . 

Aniline and aqueous glycerol each have a limited solubility in the other, 
the limits being determined by temperature and the presence of water. 
Determination of the miscibility temperature has been proposed as a means 
of determining the water content of pure aqueous glycerol of from 75 to 89 
per cent concentration 93 (see Table 7-50 and Figure 7-34). 

The miscibility curve of the anhydrous system glycerol-benzene-ethyl 
alcohol at 25°C is given in Figure 7-35 100 . The straight lines across the curve 
join conjugate solutions (i.e., the two phases of an incompletely miscible 
mixture), the area below the curve representing compositions of incomplete 
miscibility. Points of miscibility were determined by adding ethyl alcohol 
to glycerol-benzene mixtures until cloudiness just disappeared. Similar data 
were determined for glycerol, carbon tetrachloride and ethyl alcohol 102 . 

The glycerol-phenol-water system is not completely miscible under cer¬ 
tain conditions as is shown in Figure 7-36 37 . 

The solubility of phenobarbital in alcohol-glycerol-water systems is 
given in Table 7-51. Although glycerol alone is not a good solvent, its 
addition to alcohol increases the solubility of phenobarbital, maximum 
solubility being attained with 80 per cent of alcohol and 20 per cent of 
glycerol 94 . 

The solubility of gases in glycerol as in all liquids depends upon both 
temperature and pressure. The solubility of hydrogen and nitrogen in 
aqueous glycerol solutions at 25°C was measured by Drucker and Moles 40 . 
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Table 7-49. Miscibility of Various Substances with Glycerol of 

1.4634 


n D 


Acetone 


m-Toluidinc 

Acetophenone 

Methyl Ethyl 
Ketone 

Isoatnyl Alcohol 

% Wf 

•Ct 


•ct 

S3 

a 

% Wf 

•ct 


•Ct 

89.61 

40.0 

83.23 

89.0 

97.13 

90.5 

92.14 



12.5 

86.93 

58.5 

79.23 

102.0 

95.30 

113.5 

86.55 


m 

36.8 

76.96 

81.3 

71.58 

113.5 

83.42 

162.5 

74.78 

150.0 

62.40 

61.4 

67.42 

91.7 

64.30 

119.4 

75.07 

175.5 

67.14 

161.5 

54.41 

69.3 

64.47 

93.5 

58.68 

120.5 

61.90 

183.6 

60.25 

164.5 

46.16 

73.0 

57.25 

95.5 

53.10 

120.2 

53.32 

185.5 

53.84 

164.5 

36.79 

74.1 

56.59 

95.5 

45.68 

119.5 

51.13 

185.4 

41.27 

163.2 

31.90 

74.2 

55.34 

95.6 

36.87 

117.5 

42.00 

185.0 

36.17 

162.5 

27.62 

73.7 

53.07 

FT1 


88.5 

34.62 

184.0 

26.75 

155.5 

19.20 

71.5 

51.28 

95.6 



21.14 

174.5 

13.21 

128.5 

13.97 

66.5 

48.43 

95.5 

83.62 

33.4 

15.88 

164.0 

10.73 

116.5 

10.35 

58.0 

46.31 

95.3 

66.04 

7.8 

8.86 

136.5 

4.00 

37.5 

5.05 

21.5 

45.75 

95.3 

62.86 

7.0 

4.38 

97.5 





44.67 

95.2 

48.80 

6.7 







34.74 

90.9 

40.99 

8.2 







29.24 

85.3 

31.40 

9.2 







26.58 

81.3 

21.68 

14.2 







20.44 

66.6 

18.72 

16.8 







15.77 

44.8 

13.99 

23 and 69 







10.90 

9.5 


No separation 









i 

Line se 

parates upper 









and lower miscibility | 










limits 








Benzadchyde 


% Wf 

97.02 

94.54 

90.10 

77.13 

62.30 

55.29 

49.22 

26.63 

23.87 

12.42 

7.74 

4.53 


'Ct 


85.5 

107.5 

127.5 

152.5 

159.5 
160.7 

160.3 

144.5 
140.0 

123.5 

103.5 

67.5 


Salicylaldehyde 


°7< Wf I «Ct 


95.60 
91.38 
77.02 
58.67 
52.22 
48.32 
41.82 
26.54 
18.30 
5.36 


106.5 

143.5 

170.5 

176.5 

176.6 

176.5 

175.5 

165.5 

148.5 

91.5 


% Wt 


o-Toluidine 

•ct 


92.20 

86.14 

73.42 
63.28 
52.53 
46.59 
40.97 
32.04 
20.96 

12.42 


100.0 

130.0 

150.0 

154.0 

154.4 

154.0 

153.0 

150.0 

137.0 

99.2 


Anisole 


% Wf *ct 


90.12 

78.80 

69.46 

53.41 

44.02 

27.68 

11.29 

6.07 


230.5 

263.5 

273.5 

275.5 

274.5 

250.5 

185.5 

161.5 


Monomethy Ian Mine 


% Wf 

89.50 

73.50 

66.42 
59.48 
51.56 

40.60 
30.26 

14.60 


°C 


197.5 
220.0 
223.0 

224.5 

223.5 

222.5 
219.0 

190.5 


* Per cent weight of the 
t Temperature at which 


non-glycerol component in total mixture, 
the mixture becomes miscible. 






























298 


GLYCEROL 


Table 7-49— Continued 



• Per cent weight of the non-glycerol component in total mixture, 
t Temperature at which the mixture becomes miscible. 


The solubilities were calculated in terms of cc of absorbed gas per cc of 
solvent. Solubilities of nitrogen and carbon dioxide at 15°C were determined 
by Hammel 67 These data are combined in Table 7-52. 

Less complete data have been obtained for some other gases. Krypton 
containing 5 per cent of xenon is soluble to the extent of 0.01 cc (0°C, 760 
mm) in 1 cc of anhydrous glycerol at 1 atmosphere pressure and 22°C 
(accuracy, 5 per cent). The solubility of krypton in water is 0.06 cc per 
1.0 cc at 20°C 177 . The addition of 5 per cent sulfuric acid to a 50 per cent 
glycerol solution decreased the carbon dioxide solubility at 25°C and 760 
mm pressure from 0.512 to 0.462 cc per cc of solvent 89 . The solubility of 
silicon tetrafluoride in C. P. glycerol is approximately 5.7 weight per cent 
at 27 to 33°C and 750-760 mm pressure 169 . 
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Figure 7-25. Miscibility of glycerol and (I) acetone, (II) methyl ethyl ketone and 
(III) acetophenone. 



Figure 7-26. Miscibility of glycerol,and isoamyl alcohol 



Figure 7-27. Miscibility of glycerol and (I) benzaldehyde and (II) salicyalde- 
hyde. 
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Figure 7-28. Miscibility of glycerol with anisole 



Figure 7-29. Miscibility of glycerol with guaiacol. The line AB gives the mean 
composition of the two layers at each temperature. 



Figure 7-30. Miscibility of glycerol with (I) monomethylaniline. and (II) di- 
methylaniline. 
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Figure 7-31. Miscibility of glycerol with (I) o-toluidine and (II) m-toluidine. 
The lines AB and CD give the mean composition of the two layers at each tempera¬ 
ture for o-toluidine-glycerol and m-toluidine-glycerol, respectively. 



monoethyl ether. 



Figure 7-33. Miscibility of glycerol with benzylethylamine 
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The solubility of glycerol in liquid carbon dioxide is less than 0.005 per 
cent 1 * 2 . 

Table 7-50. Solubility of Glycerol in Aniline and of Aniline in 


Glycerol 



WATER • ANILINE 


Figure 7-34. Miscibility of aniline, glycerol and water. Parts by volume. Areas 
below the curves indicate mixtures that are not completely miscible. 


Because of the importance of glycerol as a solvent in pharmaceutical 
preparations and flavor extracts, considerable work has been done on the 
solubility of substances in glycerol. Table 7-53 gives the solubility of many 
of the compounds. 
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The solubility and salt-hydrate data of ternary systems containing glyc¬ 
erol and water plus either zinc sulfate, sodium carbonate, sodium phosphate, 
copper sulfate or calcium acetate are shown in Figures 7-37 to 7-41 inclu¬ 
sive 11 . In these graphs, the crystalline hydrates in equilibrium with the 


ETHYL ALCOHOL 



Fioubb 7-35. Miscibility of glycerol, benzene and ethyl alcohol at 25°C 



Figube 7-36. Miscibility of glycerol, phenol and water at various temperatures 
Areas below the curves indicate mixtures that are not completely miscible. 
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solution are indicated by a segment of a solubility curve connected with a 
point H 1 , H 2 , • • •. The H 1 , H 2 , • • indicate a monohydrate, a dihydrate, 
etc. The salts crystallize with the same amount of water of crystallization 
as from pure water, except when the glycerol concentration is high. In this 
latter case, glycerolates may be formed with the salts. 


Table 7-51. Solubility of Phenobarbital in Alcohol-Glyceroi^Water 

Systems at 25 ± 0.1 °C 


Alcohol 
fCf \ 

Glycerol (%) 

wo) 

— 

0 

10 

20 

30 

40 

so 

60 

70 

80 

90 

0 

0.12 

0.19 

0.20 

0.21 

0.23 

0.28 

0.37 

0.48 

0.66 

0.82 

10 

0.19 

0.22 

0.30 

0.37 

0.50 

0.64 

0.84 

1.14 

1.59 

2.25 

20 

0.30 

0.42 

0.57 

0.83 

1.13 

1.54 

2.11 

2.77 

4.13 


30 

0.64 

0.93 

1.35 

1.89 

2.67 

3.45 

4.45 

6.79 



40 

1.46 

2.16 

2.87 

4.09 

5.37 

6.83 

9.40 




50 

3.21 

4.26 

5.57 

7.18 

9.29 

12.01 





60 

5.33 

7.47 

9.19 

11.23 

14.25 






70 

8.53 

10.73 

12.75 

15.74 







80 

11.56 

13.58 

16.27 








90 

13.38 

15.30 









100 

12.30 











Not*: Where the sum of the percentages of alcohol and glycerol mixtures does 
not equal 100, the difference is water. Where the sum equals 100, no water is present 
in such mixtures. 


Table 7-52. Solubility of Some Gases in Aqueous Glycerol 


Drudter and Moles 

Hamroel 

Glycerol 
% Wt 

T 2 r 5°r 

Glycerol 
% Wt 

Nitrogen 

X 25*C 

Glycerol 
% Wt 

Nitrogen 

X I5*C 

Glycerol 
% Wt 

CO. 

X 15*C 

4.0 

0.0186 

16.0 

0.0103 

mm: 

0.01801 

mm 

wm 

10.5 

0.0178 

29.7 

0.0068 

15.7 

0.01478 

HI 

if p 

22.0 

0.0154 

48.9 

0.0051 

29.9 


27.69 


49.8 

0.0099 

74.5 

0.0025 

46.6 

0.00886 

43.72 

H39 

.50.5 

0.0097 

84.1 

0.0024 

57.6 

0.00736 

46.59 

0.655 

52.6 

0.0090 



67.1 

0.00670 

62.14 

0.540 

67.0 

0.0067 



72.8 

0.00582 

73.36 

0.474 

80.0 

0.0051 



74.7 

0.00630 

77.75 

0.454 

82.0 

0.0051 



77.0 

0.00556 

87.74 

0.446 

88.0 

0.0044 



85.1 

0.00508 

90.75 

0.427 

95.0 

0.0034 



87.3 

0.00519 

96.64 

0.438 





88.5 


99.26 

0.438 





99.25 

tea 




a , . .... x volume of absorbed gas 
Solub,1,t > - X “ volume of liquid ' 
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Table 7-53. Solubility 

of Various 

Cq.M POUNDS 

in Glycerol 


Substance 

Glycerol _ 
Concentration 
% Weight 

T rcf 

Sol. in Parts 
per 100 Parts 
of Solvent 

Ref.t 

Alum 

• 

15 

40 

6 

Ammonium carbonate 

• 

15 

20 

8 


99.04 

20 

19.8 

9 


87.27 

20 

13.7 

9 

Ammonium chloride 

• 

15 

20.06 

8 

Anisic aldehyde 

• 

15 

0.1 

1 

Arsenic acid 

• 

15 

20 

6 

Arsenious acid 

• 

15 

20 

6 

Atropine 

• 

15 

3 

5 

Atropine sulfate 

99.04 

20 

45.2 

9 

87.27 

20 

45.8 

9 

Barium chloride 

• 

15 

9.73 

8 

Benzoic acid 

98.5 

— 

2 

4 


95.1 

23 

2.01 

— 


90 

23 

1.74 

— 


86.5 

— 

1.18 

4 


75 

23 

1.02 

— 


50 

23 

0.60 

— 

Benzyl acetate 

• 

15 

0.1 

1 

Boric acid 

98.5 

20 

24.80 

4 


86.5 

20 

13.79 

4 

Brucine 

• 

15 

2.25 

5 

Calcium hydroxide 

35 

25 

1.3 

2 

Calcium hypophosphitc 

99.04 

20 

2.5 

9 


87.27 

20 

3.2 

9 

Calcium oleate 

45 

15 

1.18 

6 

Calcium sulfate 

• 

15 

5.17 

8 

Calcium sulfide 

• 

15 

5 

6 

Cinchonine 

• 

15 

0.30 

5 

Cinchonine sulfate 

• 

15 

6.70 

5 

Cinnamic aldehyde 

• 

15 

0.1 

1 

Codeine hydrochloride 

99.04 

20 

11.1 

9 


87.27 

20 

4.7 

9 

Copper acetate 

• 

15 

10 

6 

Copper sulfate 

• 

15 

30 

6 

Ethyl acetate 

99.04 

20 

1.9 

9 

9 

87.27 

20 

1.8 

9 

Ethyl ether 

99.04 

20 

0.65 

9 


87.27 

20 

0.38 

9 

Eugenol 

• 

15 

0.1 

1 

Ferrous sulfate 

• 

15 

25 

6 

Guaincol 

99.04 

20 

13.1 

9 


87.27 

20 

9.05 

9 

Guaiacol carbonate 

99.04 

20 

0.043 

9 


87.27 

20 

0.039 

9 

Iodine 

• 

15 

2 

8 

Iodoform 

95 

15 

0.12 

3 
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Table 7-53— Continued 


Substance 

Iron and potassium tartrate 
Iron lactate 
Iron oleate 
Lead acetate 

Lead sulfate 
Magnesium oleate 
Mercuric chloride 
Mercurous chloride 
Mercurous cyanide 
Morphine 
Morphine acetate 
Morphine hydrochloride 
Novocaine 

Oxalic acid 

Pentaerythritol 

Phenacetin 

Phenol 

Phenylethyl alcohol 
Phosphorus 
Potassium arsenate 
Potassium bromide 


Potassium chlorate 


Potassium chloride 
Potassium cyanide 
Potassium iodate 
Potassium iodide 


Quinine 
Quinine sulfate 

Quinine tannate 

Salicin 
Salicylic acid 

Santonin 


Glycerol 
Concentration 
% Weight 

T &r 

Sol. in Parts 
per 100 Parts 
of Solvent 

• 

15 

8 

• 

15 

16 

45 

15 

0.71 

• 

15 

10 

98.5 

— 

143 

86.5 . 

— 

129.3 

• 

15 

30.3 

45 

15 

0.94 

• 

15 

8 

• 

15 

7.5 

• 

15 

27 

• 

15 

0.45 

• 

15 

20 

• 

15 

20 

99.04 

20 

11.2 

87.27 

20 

7.8 

• 

15 

15.1 

100 

100 

9.3 

99.04 

20 

0.47 

87.27 

20 

0.3 

99.04 

20 

276.4 

87.27 

20 

361.8 

• 

15 

1.5 

• 

15 

ca. 0.25 

• 

15 

50.13 

• 

15 

25 

98.5 

— 

17.15 

86.5 

— 

20.59 

• 

15 

3.54 

98.5 

— 

1.03 

86.5 

— 

1.32 

• 

15 

3.72 

• 

15 

31.84 

• 

15 

1.9 

• 

15 

39.72 

98.5 

— 

50.70 

86.5 

— 

58.27 

• 

15 

0.47 

98.5 

— 

1.32 

86.5 

— 

0.72 

• 

15 

0.25 

99.04 

20 

2.8 

87.27 

20 

2.45 

• 

15 

12.5 

98.5 

— 

1.63 

86.4 

— 

0.985 

• 

15 

6 


Ref.f 

5 

5 
8 
8 
4 

4 
8 

6 
8 

5 

6 
5 
5 

5 
9 
9 

6 

Anon. 

9 


9 

9 

1 

8 

8 

6 

4 

4 

8 

4 

4 
8 
8 

5 
8 
4 
4 
8 
4 

4 

5 
9 
9 
5 
4 

4 

5 
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Table 7-53 —Continued 


Substance 

Glycerol 
Concentration 
% Weight 

T (*cT 

Sol. in Part# 
per 100 Part# 
of Solvent 

Ref.t 

Sodium arsenate 

• 

15 

50 

8 

99.04 

20 

64 

9 


87.27 

20 

44 

9 

Sodium bi-borate 

98.5 

— 

111.15 

4 

86.5 

— 

89.36 

4 

Sodium bicarbonate 

• 

15 

8.06 

8 

Sodium tetraborate (borax) 

• 

15 

60 

8 

Sodium carbonate (crystals) 

• 

15 

98.3 

8 

Sodium chlorate 

• 

15 

20 

5 

Sodium hypophosphite 

99.04 

20 

32.7 

9 


87.27 

20 

42.2 

9 

Sodium pyrophosphate 

87.27 

20 

9.6 

9 

Sodium sulfate-12HjO 

100 

25 

8.1 

10 

Stearic acid 

99.04 

20 

0.089 

9 


87.27 

20 

0.066 

9 

Strychnine 

• 

15 

0.25 

5 

Strychnine nitrate 

• 

15 

4 

5 

Strychnine sulfate 

• 

15 

22.5 

5 

Sulfur 

• 

15 

ca. 0.1 

8 

Tannic acid 

• 

15 

48.8 

6 

Tannin 

• 

15 

48.83 

8 

Tartar emetic 

• 

15 

5.5 

5 

Theobromine 

99.04 

20 

0.028 

9 


87.27 

20 

0.017 

9 

Urea 

• 

15 

50 

5 

Zinc chloride 

• 

15 

49.87 

8 

Zinc iodide 

• 

15 

39.78 

8 

Zinc sulfate 

• 

15 

35.18 

8 

Zinc valerate 

99.04 

20 

0.336 

9 


87.27 

20 

0.382 

9 


* Glycerol concentration not speciBed, probably 95 to 100 per cent, 
t References for Table 7-53: 

(1) "Allen’s Commercial Organic Analysis,” Fourth ed, p. 461. P. Blakiston’s 

Son & Co., Philadephia (1923). 

(2) Cameron, F. K., and Patten, H. E., J. Phys. Chem., 15, 67-72 (1911). 

(3) Chiaria, P., Giorn.farm. chim., 66, 94-96 (1917). 

(4) Holm, K., Pharm. Weekblad, 68, 860-862 (1921); ibid. 1033-1037 (1921). 

(5) Lawrie, J. W., "Glycerol and the Glycols,” p. 232. New York, The Chemical 

Catalog Co. Inc. (Reinhold Publishing Corp.) 1928. 

(6) Lewkowitsch, J., "Chemical Technology and Analysis of Fats and Waxes,” 

Sixth ed., p. 254, London, MacMillan & Co. Ltd. (1921). 

(7) Noble, M. V., and Garrett, A. B., J. Am. Chem. Soc., 66, 231-235 (1944). 

(8) Ossendovsky, A. M.» J. Russ. Phys. Chem. Soc., 37, 1071 (1906). Through 

Mac Ardle, D. W., "The Use of Solvents in Organic Chemistry,” p. 80. 
New York, D. van Nostrand Co., Inc. (1925). 

(9) Roborgh, J. A., Pharm. Weekblad, 64, 1205-1209 (1927). 

(10) Schnellbach, W. and Rosin, J., J. Am. Pharm. Assoc., 18, 1230-1235 (1929). 
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1 he solubility of sucrose in several concentrations of aqueous glycerol at 
25°C was determined by preparing saturated solutions and measuring their 
concentrations polarimetrically. The results are given in Table 7-54“ 

In Table 7-55 are given the solubilities of vanillin and coumarin in 


zinc sulfate 



WAT ‘" CLYCCROL 

I-ioure 7-37. Solubility, the ternary system glycerol-water-zinc sulfate at 20°C 
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aqueous glycerol containing up to 50 per cent of U.S.P. (95 per cent weight) 
glycerol by volume and at temperatures from 0.2 to 60°C 35 . The data are 
given in terms of grams of solute per 100 cc of solution. Multiplying the 
grams by 1.28 will convert them to ounces per gallon. 


SOOIUM PHOSPHATE 



WATER GLYCEROL 

Fioure 7-39. Solubility, the ternary system glyccrol-water-sodium phosphate at 
20°C. 



Figure 7-40. Solubility, the ternary system glycerol-water-copper sulfate at 20°C 
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Glycerol may also be used in conjunction with com syrup as a solvent for 
vanilla flavors 98 . The solvent mixture consists of com syrup (43°B6) 60.6 
per cent, U.S.P. glycerol 26.3 per cent, and water 13.1 per cent. This mix- 


CAICIUM ACETATE 



Fiqube 7-41. Solubility, the ternary system glycerol-water-calcium acetate at 20®C 


Table 7-54. Saturated Solutions or Sucrose in Aqueous Glycerol 

at 25°C 


Solvent 

Sp. Gr. 25/25 

■d°> 

Solution 

Sucrose i/lOO ml 
of Solution 

Sucrose 
% by Wt 

Solvent 

Sucrose satur¬ 
ated solution 

Water 

1.0000 

1.3347 

1.4607 

90.6 

67.9 

Glycerol 25% 

1.0609 

1.3175 

1.4571 

78.2 

59.4 

50% 

1.1274 

1.2963 

1.4564 

58.0 

44.8 

75% 

1.1956 

1.2756 

1.4610 

32.4 

25.4 

82.5% 

1.2156 

1.2751 

1.4640 


20.0 

95% 

1.2492 

1.2744 

1.4723 

in, 

9.9 

99.96% 

1.2619 

1.2758 

1.4796 

7.2 

5.7 


ture has good fluidity and stability and will not ferment. The solubilities of 
both vanillin and coumarin in glycerol and in this mixture are given in 
Table 7-56. Because vanillin and coumarin very readily form supersaturated 
solutions in mixtures containing glycerol, it is possible to prepare and con¬ 
veniently use solutions of high concentration. 
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The solubility of lead chloride (PbCli) in aqueous glycerol at 25°C is 
given in Table 7-57 ,I7 . 

Glycerol can extract aluminum and calcium compounds from concrete 38 . 


Table 7-55. Solubility of Vanillin and Coumarin in Aqueous Glycerol 

Vanillin in Grams per 100 cc 

Per Cent of Glycerol in Terms of U.S.P. Glycerol in Solution at 20.0°C 


•c 

0% 

s% 

10% 

15% 

20% 

25% 

30% 

40% 

50% 

•F 


5.05 

m 



8.25 

11.2 


15.0 

20.0 

140.0 

50 

FT?I 

4.90 


6.25 

7.50 

8.75 


12.0 


122.0 

40 

2.65 

3.00 


4.00 

4.20 

• 

5.3 



104.0 

30 

1.50 

1.60 


2.35 

2.50 

2.70 

3.00 



86.0 

EH 

1.25 

1.50 

1.75 

1.95 

2.30 

2.50 

2.95 


4.50 


Ka 

.68 

.70 ! 

.75 

.85 

.95 

1.10 

1.25 


2.06 

32.4 


Coumarin in Grams per 100 cc 

Per Cent of Glycerol in Terms of U.S.P. Glycerol in Solution at 20.0°C 


•c 

0% 

5% 

10% 

15% 

20% 

25% 

30% 

40% 

50% 

•F 

60 

.70 


.88 

.98 

1.09 

1.17 

1.30 

1.75 

2.20 

140.0 

56 

.65 

.68 

.72 

.78 

.85 

.92 

1.03 

1.16 

1.46 

122.0 

40 

.45 

.47 

HgfT'iM 1 ! 

.55 

.56 

.60 

.65 

.77 

.92 

104.0 

30 

.26 

.28 

.31 

.36 

.38 

.43 

.47 

.57 

.68 


20 

.19 

.20 

.22 

.24 

.26 

.28 

.30 

.37 

.50 

68.0 

0.2 

.09 

.10 

.12 

.13 

.14 

.14 

.15 

.19 

.28 

32.4 


• No determination. 


Table 7-56. Solubilities of Vanillin and Coumarin at 25°C 

(% by Wt) 


Solvent 

Vanillin 

% 

Coumarin 

% 

Water 

0.944 

0.19 

5% Glycerol 

— 

0.20 

10% Glycerol 

0.98 

0.20 

20% Glycerol 

1.02 

0.24 

50% Glycerol 

1.37 

0.30 

75% Glycerol 

1.75 

— 

95% Glycerol 

2.43 

0.84 

Corn syrup-glycerol mixture 

1.19 

0.32 


Solubility of lime in aqueous glycerol is proportional to the glycerol concen¬ 
tration, varying from 0.178 per cent of Ca(OH) 2 in 3.50 per cent glycerol to 
1.34 per cent of Ca(OH) 2 in 35.04 per cent glycerol at 25°C 23 . 

Glycerol is miscible with elaidic and picric acids but not with palmitic, 
stearic and oleic acids 129 . 
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Glycerol and sodium palmitate are miscible in all proportions at elevated 
temperatures. Wax-like and crystalline phases or liquid crystal phases sep¬ 
arate at lower temperatures 181 • 187 . 

Furfural will dissolve 2.1 to 2.8 per cent by weight of glycerol at 25°C 173 . 

The solubility of sodium chloride in aqueous glycerol is given in Tabic 
7-18. 

Gelatin can be dissolved in glycerol without the aid of water as an 
accessory solvent by adding glycerol to granulated gelatin and simultane¬ 
ously evacuating air until the gelatin is thoroughly wetted. The mixture is 
then heated to 80 to 100°C until it is homogeneous 170 - 171 . 

Table 7-57. Solubility of Lead Chloride (PbClj) in Aqueous Glycerol 


lycerol % 
in Solvent 

at 25°C 

Moles PbCls per 

% Wt PbCIt 
in Solution 

1000 g Solvent 

100 

.03905 

1.07 

90 

.0404 

1.11 

80 

.0420 

1.15 

70 

.0438 

1.20 

GO 

.0457 

1.25 

50 

.0479 

1.30 

40 

.0504 

1.38 

30 

.0533 

1.46 

20 

.0566 

1.55 

10 

.0607 

1.66 

0 

.0655 

1.79 


Thermal Conductivity 

The thermal conductivity of glycerol solutions increases as their water 
content increases. It also increases with rising temperature, the rate of 
change being linear. Hence, the average coefficient of thermal conductivity 
over a temperature range is equal to the true coefficient at the average 
temperature. With experimentally determined values for the coefficient of 
thermal conductivity and solution concentration, curves may be plotted 
from which all intermediate data may be read. Table 7-58 was obtained in 
this way 7 . These data are also plotted in Figures 7-42 and 7-43. 

Eucken and Englert found the thermal conductivity of liquid glycerol at 
0°C to be 0.000691 cal/cm/deg/second and of vitreous glycerol at — 78.5°C 
to be 0.000760±1 X 10~ 6 cal/cm/deg/second 43 . 

Heat of Solution 

When glycerol is dissolved in water there is a slight rise in temperature 
which reaches a maximum of about 5°C when 58 per cent by weight of 
glycerol is used. The results of the experiments made by Gerlach 49 - 64 are 
given in Figure 7-44. 



Table 7-58. True Coefficient of Thermal Conductivity of Glycerol-Water Solutions 
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Kt( cal., sec cm'*, °C-, cm.) 2900 = K,(B.t.u., hrft.-*, °F-‘ inch). t «« as defined by K, - K*ol 1 + «**>(< - 20)] 

C.g.s. system English system 
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The maximum amount of heat (though not the greatest rise in tempera¬ 
ture) is obtained when the glycerol is dissolved in a large excess of water 
If the glycerol is not anhydrous, some of its heat of solution will have been 
dissipated and so correspondingly smaller amounts of heat will be produced 











PHYSICAL PROPERTIES OF GLYCEROL AND ITS SOLUTIONS 315 

by further dilution. Such measurements made by Fncke“ are given in 

T Koli 5 lky— obtained the slightly higher value of 1407 calories for 
the molar heat of solution of pure glycerol. 



Figure 7-44. Temperature rise on mixing glycerol and water 


Table 7-59. Molar Heat or Solution of Glycerol 


Initial Concn. of Glycerol 

Mole* HiO per 

Mole Glycerol % HiO 

Molar Heat of 
Solution Cal 

0.000 

0.00 

1381 

0.164 

3.11 

1329 

0.304 

5.62 

1261 

0.684 

11.81 

1140 

1.633 

24.21 

962 

2.866 

35.93 

788 

3.711 

42.07 

705 

4.564 

47.17 

615 


Glycerol has a negative heat of solution in methyl alcohol and in ethyl 
alcohol. The following molar values were reported by Kolossowsky 91 -” 

Methyl alcohol, 1:50 moles -370 cal. 

Water + methyl alcohol, 1:(43 + 43) moles -417 cal. 

Water 4* ethyl alcohol, 1:(200 + 128) moles —337 cal. 

Water + ethyl alcohol, 1:(150 + 25) moles ±0 cal. 

Heats of Formation and Combustion 
Karasch 84 critically reviewed the literature and selected 397.0 kcal as a 
“best value” for the molar heat of combustion of glycerol at 15° He also 
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devised a method for calculating the heat of combustion from the structural 
formula, and in this way obtained the figure 397.2 kcal. Parks 124 gave 
395.33 and 395.63 kcal per mole as the heats of combustion at constant 
volume and constant pressure respectively. 

The molar heat of formation of glycerol is 159.80 kcal, calculated from 
combustion data by Parks 124 . Getman and Daniels give the figure 158.6 
kcal 56 . 

Magnetic Susceptibility 

The magnetic susceptibility of glycerol (HX10 6 ) at 22°C is — 0.64 166 . 
Dissociation Constant 

The dissociation constant of glycerol as a weak acid is 0.07 X 10 -13 m . 
Table 7-60. Dielectric Constant, «, of Glycerol-Water Solutions at 


25°C. 

Current Frequency 

- 0.57 X 10* Cycles/Sec 


Glyc. % WL 

« 

Glyc. % Wl 

• 

0.00 

78.48 

60.15 

62.38 

9.88 

•75.98 

70.00 

58.52 

20.33 

73.86 

79.86 

54.08 

30.19 

71.44 

90.42 

48.66 

39.67 

68.93 

100.00 

42.48 

50.23 

65.72 




Dielectric Constant 

The dielectric constants of glycerol-water solutions at 25°C are given in 
Table 7-60. Measurements were made with a current having a frequency of 
0.57 X 10* cycles/second 3 . 

The dielectric constant of anhydrous glycerol is increased by increasing 
pressure. Measurements were made by Danforth 31 at 0 and at 30°C. Two 
current frequencies were used, one of audible frequency (3,710 cycles) and 
the other of 247,000 cycles. These constants for current of audible fre¬ 
quency are given in Table 7-61 and Figure 7-45. 

At high frequencies (247,00 cycles/second) at 0°C but not at 30°C glyc¬ 
erol shows an anomalous behavior in that the dielectric constant, which 
first increases with pressure, reaches a maximum of 55.6 at about 4290 
atmospheres and thereafter decreases. The effect is attributed to the in¬ 
creased viscosity of the glycerol (see Figure 7-45). * 

The effect of temperature upon the dielectric constant of pure glycerol 
and also glycerol-water solutions within the range of 20 to 100°C is given 
by Akerlof 2 . Measurements were made by the resonance method at a wave 
length of 150 meters, which corresponds to a frequency of 2 X 10® cycles/ 
second (see Table 7-62). 
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Table 7-61. Dielectric Constant, «, and Density, p, of Pore 
Glycerol at High Pressure 


Pressure in Atmospheres 


500 

1000 

2000 

4000 

6000 

8000 

12000 


Current of 3,710 cycl 





Current of 247,000 cycles 
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Graffunder 57 and Bock 12 made measurements on pure glycerol within the 
temperature ranges of -5 to +99.2°C and -140.6 to +22.5°C respectively. 

The values of e obtained by Graffunder, who used wave lengths, X, of 
440, 670 and 1000 cm showed maxima at « = 49, ( = — 10°C, X = 440 
cm; € = 50, t = -13°C, X = 670 cm; c = 51, t = -18°C, X = 10000 cm. 
Above 0°C the values of « were nearly the same at all wave lengths from 
135.7 to 1000 cm. The measurements of Bock were made with a wave 
length of 135.7 cm. From —140.6 to — 46.9°C the dielectric constant, «, 
was constant at 2.7-2.8. At higher temperatures the value of « varied as 
shown in Figure 7-46. 


Table 7-62. Dielectric Constant, «, of Glyceroi^Water Solutions 
Current Frequency « 2 X 10* Cycles/Sec 


Glycerol % Wt 

• 

20*C 

2S'C 

40*C 

60*C 

80*C 

ioo*c 


0 

80.37 

mm 

EH 

66.62 

60.58 

55.10 

10 

77.55 



63.98 

58.31 

— 

20 

74.72 


67.70 

61.56 

56.01 

— 

30 

71.77 

'mSMi 

64.87 

58.97 

53.65 

— 

40 

68.76 

67.1 

62.03 

56.24 

61.17 

— 

60 

65.63 

64.0 

59.55 

53.36 

48.52 

— 

60 

62.03 


55.48 

50.17 

45.39 

41.08 

70 

57.06 

55.6 

51.41 

46.33 

41.90 

38.07 

80 

52.27 

50.6 

46.92 

42.32 

38.30 

34.70 

90 

46.98 

45.5 

42.26 

38.19 

34.47 

31.34 

100 

41.14 

40.1 

37.30 

33.82 

30.63 

27.88 


Note: The data for 25°C were obtained by interpolation. 


Conductivity 

The specific conductivity, N } of glycerol at temperatures from 0 to 25°C, 
according to Scudder 145 is given in Table 7-63. 

According to Meyer 111 the amount of water in the commercial concen¬ 
trations of glycerol has little effect upon its conductivity. At ordinary tem¬ 
peratures the conductivity of glycerol is 5 X 10 -8 reciprocal ohms. Jones 83 
studied the conductivity of solutions of salts in aqueous glycerol and found 
that conductivity values are less than the calculated amounts. Other work 
on the conductivity of glycerol solutions includes that of Szper and Gajew- 
ski 166,168 , Hiegmann 73 , and Kobeko 90 . 


Miscellaneous Ionic Effects 

Glycerol has no effect upon the transference numbers of H + and SO* 47 . 
The addition of as much as 40 per cent of glycerol to water does not change 
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the dissociation constant of water nor does the ionic activity product show 
appreciable change 59 . The addition of glycerol, even in large amounts, to 
aqueous acetate- or phosphate-buffered solutions or to diluted hydrochloric 
and sulfuric acid solutions has only slight effect on the H + concentration'. 
In the system glycerol-water-sulfuric acid, the electrical conductivity di¬ 
minishes less rapidly than the viscosity increases as glycerol or sulfuric acid 
concentrations are increased 13 *. 



Figure 7*46. The temperature dependence of the dielectric constant,«, of glycerol 
at the wavelength of 135.7 cm. 

Table 7-63. Specific Conductivity, N , of Glycerol 


°C. 0.0 5.9 11.7 14.8 16.0 17.6 20.0 21.3 

N X 10*. 2.2 3.6 5.6 7.8 8.4 9.6 10.0 12.3 


Compressibility 

Glycerol is one of the least compressible liquids. Bridgman 17 • 18 used 
pressures up to 12,000 kg/cm 2 at 0, 50 and 95°C and measured the volume 
directly within the pressure vessel. Of 18 organic liquids tested, glycerol 
was the least compressible. It is only about half as compressible as water. 
He suggested that the low compressibility is related to the number of 
hydroxyl groups in the molecule. His data on the relative volumes of water 
and pure glycerol under pressure are given in Table 7-64. 

The adiabatic compressibility of glycerol was measured by Bhagavantam 
and Joga Rao 9 who used the method of ultrasonic diffraction and also a 
piezometer. The coefficient of compression obtained at 28.5°G by these two 
methods was 21.1 X 10~* and 21.0 X 10~* per atmosphere per cm 2 , re¬ 
spectively. Similar values were obtained by Freyer, Hubbard and Andrews 50 
who used a sonic interferometer (see Table 7-65). 
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For the effect of pressure upon the dielectric constant and density of 
glycerol, see Table 7-61. 

Table 7-64. Compressibility of Water and Glycerol 


Relative Volumes 


Pressure 

kg/cm* 

Water 

Pure Glycerol 


0*C 


95*C 



95*C 

30®C 

n 

1.0000 

_ 

_ 


1.0266 

_ 

1.0000 


.9771 

— • 

— 


1.0136 

— 



.9567 


.9984 


1.0025 

1.0240 



.9396 

.WPS® 

.9812 

.9721 

.9930 

1.0125 



.9248 


.9661 

.9641 

.9843 

1.0024 

.9416 


.8996 

.9201 

T'Olal 

.9501 

.9688 

.9853 

.9199 


.8795 

.8997 

Iff! 

.9373 

.9548 

ifoseP'riuB 

.9007 

5000 

.8626 

.8824 



.9423 

.9565 

.8842 

6000 

— 

.8668 


.9157 

.9310 

.9447 

.8701 

7000 

— 

.8530 

.8705 

.9057 

.9211 

.9342 

.8566 

8000 

— 

.8407 

.8577 


.9121 

— 

.8447 

9000 

— 

.8296 

.8461 

.8867 

.9036 

— 

.8342 

10000 

— 

.8192 

.8352 

.8783 

.8955 

— 

.8241 

11000 

— 

— 

.8256 

.8712 

.8879 

— 

.8149 

12000 


— 

• — 

.8648 

.8800 

— 

— 


Table 7-65. Adiabatic Compressibility of Glycerol 
Velocity of Sound in Glycerol 


Temp. 

Bhagavantum and Joga Rao 

Freyer et al. 

Density 

Vel. of Sound 

m/sec 

Compress, 
per atm. per 
cc X 10-* 

Density 

Vel. of Sound 
m/sec. 

Compress, 
per atm. per 
cc X 10-* 

10 



_ 

1.2671 

1941.5 

21.2 

20 

— 

— 

— 

1.2613 

1923 

21.7 

28.5 

1.2562 

1957 

21.1 

— 

— 

— 

30 

_ 

_ 

— 

1.2553 

1905 

22.3 

10 

1.2490 

1926 

21.9 

1.2491 

1886.5. 

22.8 

50 

1.2426 

1895 

22.7 

1.2427- 

1868.5 

23.4 

60 

1.2360 

1862 

23.6 

— 

— 

— 

70 

1.2292 

1840 

24.3 





Adiabatic Expansion 

The change in temperature by adiabatic expansion of glycerol was deter¬ 
mined by Pushin and Grebenshchikov 1 * 1 . Their data are shown in Table 
7-66. 
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Refractive Index 

The refractive index of glycerol, being easily measured and sensitive to 
the dilution of pure glycerol with water, may be used as a measure of the 
concentration of pure glycerol. However, the results are not quite as precise 
as those obtained from specific gravity determinations, the accuracy corre¬ 
sponding to about 0.1 per cent of glycerol. 

In 1880 Lenz" published the first complete table of refractive indices for 
aqueous glycerol solutions, based on his determinations at 12.5-12.8°C, 
using an Abb6 refractometer. A few years later Strohmer 160 and Skalweit 153 
published their figures for the 50 to 100 per cent glycerol range at 17.5°C 
and the 1 to 100 per cent range at 15°C, respectively. Henkel and Roth 71 


Table 7-66. Adiabatic Expansion of Glycerol and Water 



dt/dpf 

pressure, p 

l 

1 SCO • 

1000 

1500 


2500 

3000 

Water at 0°C. 

-.00130 

-.00020 


.00116 

.00150 

.00173 

wm 

Water at 80°C.. 

.00492 

.00468 


.00423 

.00406 

.00392 


Glycerol at 25°C. 

Glycerol at 98.2°C.... 

.00437 

.00625 

.00407 

.00570 


.00352 

.00475 

.00327 

.00441 

.00308 

.00294 


• Pressure - kg/cm*. 

t dt/dp - change of temp./changc of pressure of 1 kg/cin* at a pressure p. 


and Wagner 185 published values for dilute glycerol solutions at 17.5°C which 
were the first recorded determinations made with an immersion refracto¬ 
meter. Stedman 158 used a Pulfrich refractometer to measure the refractive 
indices of glycerol of from 0 to 100 per cent concentration. His values were 
consistently lower than those found later by Hoyt 77 . Iyer and Usher 81 used 
an Abb6 refractometer and obtained values at 5 per cent intervals at 25°C. 
Roborgh determined the refractive indices of glycerol from 1 to 100 per cent 
concentration at 15 and 20°C 135 . 

Determinations of the refractive indices of glycerol solutions have been 
made by Hoyt 77 who prepared samples of from 5 to 100 per cent concentra¬ 
tion, as determined by the specific gravity values of Bosart and Snoddy. 
An immersion refractometer was used for the refractive index determina¬ 
tions. Refractive index values at 20 ± 0.1°C were plotted against concen¬ 
tration and found to fall along a curve which could be divided into three 
sections; a curve from 0 to 44 per cent concentration, a straight line from 












Table 7-67. Refractive Index of Glycerol-Water Solutions at 


Glycerol 
, by weight 




1.47399 

1.47234 

1.47071 

1.46909 

1.46752 

1.46597 

1.46443 

1.46290 

1.46139 

1.45989 

1.45839 

1.45689 

1.45539 

1.45389 

1.45237 

1.45085 

1.44930 

1.44770 

1.44612 

1.44450 

1.44290 

1.44135 

1.43982 

1.43832 

1.43683 

1.43534 

1.43385 

1.43236 

1.43087 

1.42938 

1.42789 

1.42640 

1.42491 

1.42342 

1.42193 

1.42044 

1.41895 

1.41746 

1.41597 

1.41448 

1.41299 

1.41150 

1.41001 

1.40852 

1.40703 

1.40554 

1.40405 

1.40256 

1.40107 

1.39958 


0.00165 

0.00163 

0.00161 

0.00157 

0.00156 

0.00154 

0.00153 

0.00151 

0.00150 

0.00150 

0.00150 

0.00150 

0.00150 

0.00152 

0.00152 

0.00155 

0.00156 

0.00160 

0.00162 

0.00160 

0.00155 

0.00153 

0.00150 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 

0.00149 


I 


1.39809 

1.39660 

1.39513 


1.39227 

1.39089 

1.38953 

1.38818 

1.38683 

1.38548 

1.38413 

1.38278 

1.38143 

1.38008 

1.37874 

1.37740 

1.37606 

1.37472 

1.37338 

1.37204 

1.37070 

1.36936 

1.36802 



0.00149 

0.00147 

0.00145 

0.00141 

0.00138 

0.00136 

0.00135 

0.00135 

0.00135 

0.00135 

0.00135 

0.00135 

0.00135 

0.00134 

0.00134 

0.00134 

0.00134 

0.00134 

0.00134 

0.00134 

0.00134 

0.00134 

0.00133 



0.00133 

1.36536 

0.00132 

1.36404 

0.00132 

1.36272 

0.00131 

1.36141 

0.00131 

1.36010 

0.00131 

1.35879 

0.00130 

1.35749 

0.00130 

1.35619 

0.00129 

1.35490 

0.00129 

1.35361 

0.00128 

1.35233 

0.00127 

1.35106 

0.00126 

1.34980 

0.00126 

1.34854 

0.00125 

1.34729 

0.00125 

1.34604 

0.00123 

1.34481 

0.00122 

1.34359 

0.00121 

1.34238 

0.00120 

1.34118 

0.00119 

1.33999 

0.00119 

1.33880 

0.00118 

1.33762 

0.00117 

1.33645 

0.00115 

1.33530 

0.00114 

1.33416 

1.33303 

0.00113 
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45 to 79 per cent concentration and a curve from 80 to 100 per cent con¬ 
centration. The equations for these lines are 

(1) Curve from 0 to 44 per cent glycerol 

y - 1.33303 + 0.001124x + 0.00000605x» - 0.0000000555x* 

(2) Straight line from 45 to 79 per cent glycerol 
y = 0.00149x + 1.32359 

(3) Curve from 80 to 100 per cent glycerol 

y = 0.90799 + 0.0154X - 0.0001552* + 0.000000576x> 

With these equations the refractive indices shown in Table 7-67 were cal¬ 
culated. These calculated values deviated from the observed values by only 
0 00011 and make possible the determination of glycerol concentration with 
an accuracy of at least 0.1 per cent. 

The refractive index of glycerol diminishes with rising temperature. Hoyt 
found the temperature coefficient to be 0.000225 per 1°C between 10 and 
20°C for pure (99.84 per cent) glycerol. 

Timmermans and Hennaut-Roland 172 found equal to 1.47547 and 
riH« equal to 1.47319 for glycerol. Kellerman 86 , Smith 165 , and Steps 16 * deter¬ 
mined the refractive indices of glycerol for x-rays (CuKai). The experi¬ 
mental values obtained for (1-n) X 10“*, in which n = refractive index, 
were 3.8, 4.41 and 4.4, respectively. Measurements in the ultraviolet to 265 
mu were made with glycerol by Guillery 83 who used the method of total 
reflection. The Lorcntz-Lorenz law was confirmed for glycerol. The law is 
stated in the equation 

N* - l 1 

NiT ~ 2 X d~ T (con8tanl) 

in which 

N = refractive index 
d - density 
r = specific refraction 

The indices of refraction of glycerol for electrical waves were measured 
by Ardenne, Gross and Otterbein 5 . At 18°C the square of the refractive 
index ranged from 10.3 to 28.6 for wave lengths from 13.45 to 62 cm, respec¬ 
tively. 

The refractive indices of the ternary system glycerol-ethyl alcohol-water 
at 25°C were measured with an Abb£ refractometer by Ernst, Watkins, 
and Ruwe 42 . Their data are given in Table 7-5 and also in Figure 7-47 (a) 
and (b). 

The refractive indices of the ternary system glycerol-ethylene glycol- 
water were obtained by Spangler and Davies 157 and are given in Table 7-68 
and Figure 7-48. 
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In either of the above ternary systems, the composition of any solution 
can be ascertained if both the density and refractive index are known For 
lhe densit y data s <* Figures 7-1 and 7-2 respectively. There is always only 



# b 

Figure 7-47 u and b. Refractive index of glycerol-ethyl alcohol-water at 25°C 


Table 7-68. Refractive Index of Glycerol-Ethylene Glycol-Water 

at 25°C 


Refractive Indexes for the Following % by Weight of Total Blend in 
Aqueous Solution 



.3916 
.3981 
( .4026 
.3939 1.4073 


Refractive indexes for glycerol taken from Iyer and Usher 81 . 



one composition which will have both the density and refractive index of 
the sample. 


Absorption of Infrared Radiation 


Absorption of infrared radiation by glycerol was measured by Buss 20 who 
found absorption maxima at the wave lengths of 1.01, 1.23, 1.50, 1.57, 1.74, 
1.97, 2.11 and 2.30 n. 
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Absorption by aqueous glycerol solutions was measured by Williams and 
eo-\vorkers lss who found absorption maxima at wave lengths of oAAb.lJ, 
6.14 6.16, 6.17 and 6.18 n for water concentrations of 5, 10, 20, 50, 7U 
and 100 per cent respectively. 

More recently the infrared transmittance of concentrated (99.68 per cent) 
glycerol has been measured at wave lengths from 2 to 16 microns 137 . A 
Baird double-beam infrared spectrophotometer with sodium chloride optics 
was used. Results are shown in Figure 7-49. 

WATER 



Figure 7-48. Constant refractive index curves for glycerol-ethylene glycol-water 
mixtures at 25°C. 

Raman Effect 

Glycerol, illuminated with monochromatic light, emits light of different 
wave lengths than the incident light. The wave length of the emitted light 
is related to that of the incident light and is also influenced by the chemical 
nature and physical state of the glycerol. This emitted light constitutes the 
•Raman spectrum of glycerol 141 • 1M - ,7S . The spectrum of the Hg line 4046A 
scattered by glycerol is taken to show that glycerol behaves like an amor¬ 
phous solid 133 . In addition to the discontinuous Raman spectrum, glycerol 
gives a continuous spectrum of light which is superimposed upon the other 27 ' 

76. 113. 186 

Surface Tension and Surface Energy 

The surface tension of glycerol is less than that of water, though higher 
than that of the majority of organic liquids. It diminishes with increasing 
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temperature. Values for temperatures above 104°C, determined by Jaeger 82 
are given in Table 7-69. His values for lower temperatures are omitted as 
they are not in agreement with other data. 



Figure 7-49. Infrared spectrogram of 99.68% glycerol. (Courtesy of Samuel P. 
Sadtlcr & Sons, Inc.) 


Table 7-69. Surface Tension, x, and Surface Enerot, h, of Glycerol 


Temp. (*Q 

dynes/cm 

dynet/cm 

104.1 

55.7 

999.0 

121 

54.9 

991.2 

130 

54.1 

980.0 

151 

51.1 

931.9 

171 

48.9 

898.4 

184.5 

47.5 

876.2 

202 

45.3 

840.5 


Glycerol used; d\° - 1.2604, 99.74% by weight. 


Table 7-70. Surface Tension of Glycerol in Dynes/cm 


Temp. CO 

Glycerol % by Wt. 








99.19 

81.98 

61.44 

3941 

2049 

0.0 

17 



— 

— 

— 

_ 

18 

62.47 

mSmi 

— 

69.86 

71.13 

— 

20 

— 

65.26 

67.64 

— 

70.93 

71.68 

30 

62.08 

64.66 

66.68 

68.42 

69.49 

70.25 • 

40 

61.53 

63.93 

65.71 

67.18 

68.02 

68.68 . 

50 

61.05 

63.05 

64.67 

65.86 

66.79 

67.05 


60.34 

62.11 

63.59 

64.55 

65.23 

65.50 

70 

59.36 

61.11 

62.39 

63.09 

63.73 

63.94 

80 

58.72 

60.07 

61.21 

61.62 

62.01 

62.16 

90 

57.85 

59.02 

59.92 

60.13 

60.48 

60.51 


Other values for the surface tension of pure glycerol at 20°C are 63.0 
dynes/cm 89 , 62.6 dynes/cm* 8 , and 63.2 dynes/cm at 20°C, 58.6 dynes/cm 
at 90°C, 51.9 dynes/cm at 150°C 80 . 
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The surface tensions of aqueous glycerol solutions at temperatures from 
17 to 90°C were determined by Muller" 5 . See Table 7-70. 

The surface tension of glycerol is raised slightly by the addition of water 
but is sharply diminished by the addition of ethyl alcohol. The ternary 
system of glycerol-ethyl alcohol-water has been studied by Ernst, Watkins 
and Ruwe 42 whose surface tension data are in Table 7-5 and in Figures 7-50 

The interfacial tension between isobutyl alcohol and glycerol, in dynes/ 
cm is 0.76 at 1°C, 0.444 at 5°C, 0.190 at 13°C, and 0.038 at 19°C U0 . 

Wetting tensions on glass at 20°C, in dynes /cm. are 50.5 for water and 
62.6 for glycerol. These values are both higher than those for the several 
other organic liquids tested by Haller 6 *. 



WATER 


ETHYL ALCOHOL 


80 60 

WT. °/o GLYCEROL b 

Figure 7-50 a and b. Surface tension of glycerol-ethyl alcohol-water at 25°C 


Diffusion 


Theoretically, the diffusion of a nonclectrolyte into a solvent should be 
inversely proportional to the viscosity of the solvent. Also, diffusion should 
increase with the concentration of the solution. These relationships are 
expressed in the equation for the coefficient of diffusion, 


RT 

NSrtja 


in which 


k — coefficient of diffusion 
N = Avogadro’s number = 68.5 X 10“ 
r = 3.1416 

j) = viscosity of the solvent 

a = radius of the molecule (average value is 10“* cm. for a molecule 
which is large compared to water) 

R = gas constant = 0.08205 
T = absolute temperature. 
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The product krj should be a constant. However, when glycerol is the diffus¬ 
ing substance, the values obtained in water and alcohols are not constant. 
The values obtained with water are considerably higher than the others. 
Changes in the association of the solvent and the glycerol are thought to 
account for part of the variations. Changes in the molecular radius, (or 
particle size, a, with change in concentration are shown in Table 7-72. 
Changes in the nature of the solvent may also be expected to cause a change 


Table 7-71. Coefficient of Diffusion, k, of Glycerol at 20°C 


Solvent 

Glycerol 

Normality 

Temperature 

Coefficient 

A 


Ait 

Water. 

i 


0.658 

0.66 

0.84 

Water. 


0.030 

0.676 

0.68 

0.76 

Water.. 



0.705 

0.71 

— 

Water. 



EMM 

0.72 

Ksa 

Ethyl alcohol. 


0.034 

iff?! 

0.46 

trfl 

Ethyl alcohol. 



eeS 

0.53 

0.62 

Ethyl alcohol. 

0.25 


0.432 

0.64 

0.58 

5% Ethyl alcohol. 

1 

0.038 

0.277 

0.77 

0.94 

Propyl alcohol. 1 

1 

0.040 

0.217 

0.48 

0.73 

Amyl alcohol. 1 

1 

0.046 

0.100 

0.44 

0.69 


• v m viscosity of solvent (poise), 
t rj ■■ viscosity of solute (poise). 


Table 7-72. Diffusion Constant, k, and Molecular Radius, a, of Glycerol 


% Glycerol 

A.t X 10* 

Oi, x io» 

0.25 

7.37 

2.68 

0.50 

7.44 

2.66 

1.00 

7.48 

2.64 

2.00 

6.85 

2.52 

5.00 

4.97 

3.98 

8.00 

4.21 

4.70 


in the particle size. Measurements of k and rj made by Ohlm 119 are given in 
Table 7-71. 

When k is the coefficient of diffusion, dS the amount of substance which 
passes in the time dt at the place x through q. sq cm of diffusion surface 
under the influence of a drop of concentration dc/dx , then 

dS = -kq-dc/dx-dt 

k depends on the temperature and the concentration, c is the gram-moles 
per liter. The unit of time is a day. For glycerol at 10.14°C; c = 1.0, k = 
0.339 142 - ,43 - ,44 . 

The diffusion constant of water into glycerol was found to be 1.33 X 10“ 7 
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cm 2 / second at 20.08°C by Lamm and Sjostedt”. The abnormal rapidity of 
the diffusion indicated that the water molecules move independently ol the 

glycerol molecules. , , . . „ 

The diffusion of glycerol into 3.8 and 5 per cent gelatin solutions follows 

the laws of diffusion nearly as well as diffusion into water does 63 . 

Solutions of glycerol in water may be qualitatively separated by diffusion 
in a field of ultrasonic standing waves* 8 . 

The dependence of diffusion coefficients on the concentration of the 
solutions and on the size of the dissolved particles is illustrated in Table 

7-72 ,M . 



SECOND SUBSTANCE CONCENTRATION, PERCENT • 

Figure 7-51. The sweetness of glycerol and other substances compared with that 
of sucrose. 


Sound Transmission 


The velocity of sound in pure glycerol was measured by Freyer, Hubbard 
and Andrews 50 who used high frequency sound and a sonic interferometer. 
Bhagavantam and Joga Rao 9 used the method of ultrasonic diffraction for 
the same purpose. Their data are given in Table 7-65. 

Wyss 189 found the velocity of sound in glycerol to be 2005 meters per 
sound at 20°C. Willard 187 found the velocity of sound in pure glycerol to be 
1986 meters per second at 23-27°C. In 50 per cent by volume aqueous 
glycerol it was 1740 meters per second. The sound frequency was 6.57 


a 


megacycles. The absorption, ^ X 10 15 , was 26.0 for the pure glycerol and 

J* 

0.8 for the 50 per cent glycerol. 

Of fourteen pure liquids tested by Chambers 28 , glycerol gave the most 
intense luminesence during cavitation by intense sound waves. 
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Taste 

The taste of glycerol is predominately sweet. When concentrated glycerol 
is taken into the mouth, it produces a distinct sensation of warmth. Tests 
made by Cameron 21 - 22 show that glycerol is somewhat less sweet than 
sucrose. Compared on the basis of per cent by weight, sucrose solutions of 
2.25, 5.5 and 8.9 per cent concentration are equal to glycerol concentrations 
of 4.0, 8.0 and 12.0 per cent concentration, respectively. These comparisons, 
together with those of some other substances, are shown in Figure 7-51. 
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8. CHEMICAL PROPERTIES AND DERIVA¬ 
TIVES OF GLYCEROL 

J. B. Segur 

The Miner Laboratories 


Characteristics 

Glycerol is the simplest trihydric alcohol. It is a colorless, viscous liquid, 
odorless when pure and has a warm, sweet taste. It is neutral to indicators. 
The hydroxyl hydrogens are replaceable by metals to form glyceroxides,' 
by acid groups to form esters and by alkyl and aryl groups to form ethers. 
Its empirical formula, C 3 H*0 3 , indicates the molecular weight, 92.09. Its 
structural formula, 

H H H 

I I I 

H—C—C—C—H 

I I I 

0 0 0 

I I I 

H H H 

shows it to have two primary and one secondary hydroxyl groups. The 
molecule is symmetrical, and so the two —CHtOH groups are identical. 
Its chemical nature is that of the alcohols, but because of the multiple 
hydroxyl groups, it possesses possibilities for more than the usual number 
of reactions and derivatives. The primary hydroxyl groups are generally 
more reactive than the secondary group, and the first one to react does so 
more easily than the second. However, this generalization does not always 
hold. For example, the glycerol /3-formate is formed more readily than the 
a-isomer. Although one hydroxyl may be more reactive than another, there 
is generally some reaction of the second and third hydroxyls before all of 
the most reactive have been utilized. Consequently, glycerol derivatives 
are almost always obtained as mixtures containing isomers and products of 
different degrees of reaction. The relative amounts of the several products 
reflects their ease of formation. 

Nomenclature 

Two principal systems are used in naming glycerol and its derivatives. 
In the Geneva System, which is the most comprehensive, glycerol is con¬ 
sidered to be a derivative of propane and is called 1,2,3-propanetriol. 
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Accordingly, the derivatives 
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are called 3-chloro-l ,2-propanediol and 1,3-dichloro-2-propanol, respec¬ 
tively. 

A second system uses the same numbers (1, 2, and 3) to identify the 
positions in the molecule but bases the names upon the word glycerol. The 
above compounds are called glycerol 1 -monochlorohydrin and glycerol 
1,3-dichlorohydrin, giving the smaller number to the position of first 
substitution. 

A modification of the second system uses the Greek letters a, 0, and y 
instead of the numbers 1, 2, and 3. Because the two end positions are 
identical, a ' is sometimes used instead of y. However, 7 is to be preferred 
as being less likely to lead to confusion. The derivatives shown above 
would therefore be called glycerol a-monochlorohydrin and glycerol a,y- 
dichlorohyrin. 

A third system is of trivial names, that is, names not based upon an 
orderly and comprehensive plan. Examples are glycidol for glycerol epoxide, 
epichlorohydrin for glycerol epichlorohydrin, triacetin for glycerol tri¬ 
acetate and monoethylin for glycerol monoethyl ether. Other compounds 
may be named as a derivative of some other substance than glycerol. For 
example: 

CHjOH—CO—CHjOH 

is called dihydroxyacetone. 

The term glyceryl- is properly applied only to the radical 
H H H H H H 

III III 

II—C— C— c—H as in H— C—C—C— H, 

ill ill 

OAc OAc OAc 

which is glyceryl triacetate, commonly called triacetin The name triacetin 
is typical of commonly used nonsystematic nomenclature for the fatty acid 
esters of glycerol. The common names add -in to the root of the acid name 
and omit glycerol or glyceryl, for example, monostearin, distearin and 
tristearin for glycerol raonostearate, etc. Esters of the non-fatty acids are 
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usually designated with the usual -ale suffix, e.g., glyceryl tribenzoate, 
glycerol monosulfate. 

Aliphatic trihydroxy compounds containing more than three carbon 
atoms are also glycerols in the chemical sense of being trihydric alcohols. 
An example is methyl glycerol: 

CHj—CHOH—CHOH—CH*OII 

These compounds will not be included in this monograph.* 

Oxidation 

Upon inspection it is seen (hat glycerol can theoretically yield eleven oxi¬ 
dation products containing the original three-carbon chain. All of these 
compounds have.been isolated and identified, but in some cases they are 
prepared by indirect methods rather than by direct oxidation of glycerol. 
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Dihydroxyacetone and glyceraldehyde can be converted one into the 
other by rearrangement in boiling pyridine 106 • ,07 . Normal sodium hy¬ 
droxide solution at 37°C converts these two compounds into (//-lactic 
acid 242 . However, in pure aqueous solution, neither compound shows any 
evidence of enolization, even after long standing 231 . 

* An extensive discussion with bibliography for all of the glycerols will be found 
in “Traits de Chimie Organique,” Vol. VI, pages 381-545, by R. Delaby. (Masson 
et Cie., Paris, 1940.) 
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Glycerol is stable to atmospheric oxygen under ordinary conditions but 
is readily oxidized by some other oxidants. The stronger oxidants carry 
the reaction to completion, forming CO* and water. These reactions are 
the basis of several methods for the quantitative determination of glycerol 
which are described in Chapter 6. Partial oxidation of glycerol is generally 
very difficult to control to give a large yield of a single product. 

Oxidation with Dichromate and Permanganate. Oxidants such as potas¬ 
sium permanganate, potassium or sodium dichromate and chromic acid 
oxidize glycerol smoothly to CO, and H,0 in strongly acid solution. In 
neutral solution they form glyceraldehyde and dihydroxy acetone as the 
principal products. As the oxidizing solution is made more alkaline, in¬ 
creasing amounts of glyceric acid are formed” 2 . A carbon atom in glycerol 
is not oxidized faster than in monatomic alcohols. Using initial concentra¬ 
tions of 0.03 A/ glycerol and potassium permanganate, Tronov 317 found 
the average value of k , the velocity constant for oxidation to be 9.46 X 10“ 6 
in neutral solution at 21°C. 

Glycerol and potassium permanganate crystals react violently and may 
even ignite 25 *. 

Oxidation with Periodic Acid. Periodic acid is a selective oxidizing agent 
which reacts with 1,2-glycols, (and certain other compounds) but not other 
glycols, breaking the bond between the vicinal carbinol groups and leaving 
them as aldehydes or ketones. The reaction can be in either neutral or acid 
solution. With glycerol the carbon chain is broken on each side of the central 
carbon. The two end carbons produce formaldehyde and the central one 
gives formic acid. The reaction was first studied by Malaprade 216 , who 
showed it to be quantitative. It has been extensively studied as an analyti¬ 
cal procedure and is described more fully in Chapter 6. 

Oxidation with Lead Tetraacetate. Lead tetraacetate, like periodic acid, 
will oxidize polyhydric alcohols with vicinal hydroxyl groups, breaking 
the carbon bond between the groups. Two moles of formaldehyde and one 
mole of formic acid are formed from one mole of glycerol 68 . Either aqueous 
or anhydrous solvents may be used for the reaction 18 . Although the reaction 
is quantitative with some substances, it is not quantitative with glycerol 
because of a secondary reaction in which the formic acid is oxidized 162 . 

Oxidation with Hydrogen Peroxide. When glycerol is distilled with hy¬ 
drogen peroxide which is added intermittently, it is quantitatively con¬ 
verted into formic acid. Glyceric acid and glycolic acid are formed as 
intermediate products 79 . When glycerol is oxidized by hydrogen peroxide 
in very strongly alkaline solution, hydrogen is evolved and a test for 
formaldehyde may be obtained. In less concentrated alkali, neither hydro¬ 
gen nor formaldehyde are obtained 49 . Glycerol oxidized by hydrogen per¬ 
oxide in the presence of calcium carbonate yields formaldehyde, formic 
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acid, acetic acid, glyceric acid and tartronic acid. It is probable that 
glyceraldehyde and acetaldehyde are formed first, the glyceraldehyde being 
either oxidized to glyceric acid and tartronic acid, or after changing to 
pyruvic aldehyde, giving formic acid and acetic acid. The formation of 
pyruvic acid as an intermediate product could not be proved 22 . Fenton 
and Jackson 97 oxidized glycerol with one mole equivalent of hydrogen 
peroxide in the presence of ferrous sulfate at room temperature and ob¬ 
tained glyceraldehyde. The oxidizing mixture has since been known as 
“Fenton’s Reagent.” Witzemann 340 investigated this reaction as a means 
of producing glyceraldehyde in quantity. The glyceraldehyde was iso¬ 
lated as the diethyl acetal which was then hydrolyzed with 0.1 A 7 sulfuric 
acid. Glyceraldehyde was crystallized from the resulting syrup. The yield 
was very small. Fenton’s reaction has also been studied by Walton and 
Graham 328 and by Kuchlin and Bdeseken 197 . The latter considered that the 
ferrous ions formed a complex compound with the glycerol, which was 
active toward the peroxide. Otter 243 found that when glyceraldehyde is 
formed by oxidizing glycerol with hydrogen peroxide, a part is oxidized 
further to hydroxy pyruvic aldehyde, a part is converted to pyruvic al¬ 
dehyde and a part is oxidized to oxalic acid and formaldehyde. The formal¬ 
dehyde may finally produce formic acid and carbon dioxide. 

Oxidation with Nitric Acid. Glyceric acid as its calcium salt can be 
recovered from a mixture of glycerol and aqueous sulfuric acid which has 
been oxidized at 70 to 100°C with nitric acid of 40 to 50 per cent concentra¬ 
tion in the presence of a catalyst such as a salt of copper, iron or nickel 298 . 
Fujii 122 produced glyceric acid by treating 50 per cent glycerol with half 
its weight of nitric acid for 3 to 4 days. Isolation of the product involved 
formation of the lead salt, regeneration of the glyceric acid and further 
steps of purification to give a product melting at 134 to 135°C. 

Oxidation with Bromine. Di hydroxy acetone results from the oxidation 
of glycerol with bromine and sodium carbonate 103 ' 243 and by the oxidation 
of lead glyceroxide with bromine vapors 104 - 105 - 343 . 

Oxidation Catalyzed by Radiation. Exposure of an aqueous solution of 
glycerol (2.752 moles per liter) to the radiation from a preparation con¬ 
taining 0.11 g of radium for one year resulted in the production of some 
acetic acid and a lesser amount of formic acid 179 . 

Oxidation with Salts. Glycerol is oxidized by heating with certain salts. 
Heated with mercuric chloride to 180°C for three hours, anhydrous glycerol 
is oxidized to glyceraldehyde, formaldehyde and acrolein. The conversion 
amounts to 90 per cent. The mercuric chloride is reduced to mercurous 
chloride 129 . When glycerol is heated to 150 to 200°C with any copper salt, 
there is a vigorous reaction, and ethyl alcohol, acrolein, carbon dioxide, 
methane, carbon monoxide and hydrogen are formed. The copper salts 



340 


GLYCEROL 


are reduced to metallic copper except that cupric chloride is reduced to 
cuprous chloride. It is believed that some of the products may be due to 
decomposition catalyzed by the finely divided copper 3 * Potassium mer¬ 
curic iodide, K 2 IIgI 4 , is reduced by glycerol and other polyhydric alcohols. 
The reaction has been proposed as a means of determining the polyhydric 
alcohols 108 . 

Oxidation with Free Oxygen. In the presence of catalysts, glycerol may 
be oxidized with atmospheric oxygen. Glycerol kept in contact with iron or 
copper will become acidic and corrosive to the metals. Heat accelerates 
the oxidation, and as metal goes into solution, the catalytic action is in¬ 
tensified. Glycerol used under such conditions, as in automobile cooling 
systems, should be protected by a “corrosion inhibitor.” In the presence of 
sodium or potassium hydroxide and copper at ordinary temperature, glyc¬ 
erol reacts with oxygen to produce formic acid and other substances 30 *. 
Glycerol (3.2 per cent aqueous solution) gives oxalic acid, formic acid and 
carbon dioxide when oxidized by oxygen at 70°C in the presence of barium 
hydroxide and copper hydroxide 310 . 

Copper oxide dissolved in aliphatic amines or amino acids causes auto- 
oxidation of glycerol, formates being the principal product 315 . Glycerol 
in aqueous solution with sodium ferro-pyrophosphate (Na 8 Fe 2 (P 2 0 7 ) 3 ), at 
a hydrogen ion concentration of about neutrality and at body temperature, 
is readily oxidized by air to carbon dioxide 3 * 4 • 3 *\ Atmospheric oxidation 
of glycerol may also be induced by ferrous hydroxide or by sodium sulfite. 
Carbon dioxide and an aldehyde are obtained as products 338 . 

Oxidation (dehydrogenation) of glycerol in the presence of oxygen and 
palladium begins at pH 5 and increases with increasing alkalinity. The 
reaction is most rapid in the presence of a borate buffer, apparently be¬ 
cause of the formation of glyceroborate complexes. The oxidation is in¬ 
hibited by narcotics and by the cyanide ion 333 . 

Decomposition when Heated with Caustic. Glycerol heated with solid 
or fused caustic is decomposed with the formation of various products 
which depend upon the temperature and amount of caustic. Products 
which have been identified include hydrogen, methane, methyl-, ethyl-, 
propyl-, isopropyl-, and allyl alcohols, propylene glycol, and salts of formic-, 
acetic-, lactic-, acrylic-, propionic-, butyTic-, oxalic-, and carbonic acids. 
A quantitative study of the action of caustic on glycerol was made by Fry 
and Schulze 131 . They found that glycerol slowly added to a fused mixture of 
sodium and potassium hydroxides at 350°C reacted in two ways as indi¬ 
cated in the following equations. 

GMMOtl), + GNaOH — 3Na-COi + 7H-0 (A) 

C|II»(OH)j + 4NaOH — 2Xa s CO, + 3II- + CII 4 + H 2 0 (B) 
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At 350°C the two reactions occur in about the ratio of A:B: 1.3.6. At 

450°C the ratio becomes A:B: 3:7.1. . * 

Oxidation by Electrolysis. Glycerol with dilute sulfuric acid electrolyzed 

between a lead anode and a platinum cathode in separate chamber and 
avoiding heat, gives formaldehyde, formic acid, tartromc acid tnhydroxy 
glutaric acid, glyceric acid, t-arabinose, oxygen, carbon monoxide and car- 

bon dioxide at the anode 209 . , 4 r .. , 

Photochemical Oxidation. Glycerol is stable to sunlight for practical 
purposes. However, prolonged exposure or intense radiation in the presence 
of air will cause oxidation, particularly if metals such as iron and copper 
are present. The oxidation is also accelerated by water. Intense ultraviolet 
radiation produces carbon dioxide, aldehydes and acids; but glycerose is 
formed under mild radiation. Hydrogen peroxide in small amounts greatly 
accelerates the oxidation™. Glycerol exposed to ultraviolet light and air 
at 25°C in neutral solution produces glyceric aldehyde and unidentified sub¬ 
stances, but in alkaline solution /3-acrose is formed. The yields are poor 24 . 
Glycerol exposed to air and sunlight, with ferrous hydroxide, cerous hy¬ 
droxide or sodium sulfite as inductors to accelerate the reaction, is slowly 
oxidized to carbon dioxide. Ferrous hydroxide is much the most effective 
of the three inductors and sodium sulfite is the least effective 244 . The forma¬ 
tion of perglycerol when glycerol and oxygen (air) are irradiated with ultra¬ 
violet light has been demonstrated. The perglycerol is believed to be the 
oxidant of the glycerol 43 . 

2CH3OH—CHOH—CHjOII + O, U V - h - g M 2CH*OH CHOH CHjO 0 II 

CHjOH—CIIOH—CHjOH + 7CH,OH—CHOH—CH,0-0—II -* 

3HtCOa + HjO + 7CHjOH—CHOH—CHjOH 


Light accelerates the oxidation of glycerol by potassium dichromate. The 
photochemical effect has a negative temperature coefficient but the chemi¬ 
cal reaction is accelerated by heat. The photochemical effect increases in 
linear relation to acid concentration but the chemical reaction is accelerated 
at a higher rate 330 . 

Biochemical Oxidation. See Chapter 9. 


Reduction 

Catalytic Hydrogenation. Glycerol is easily reduced to propylene glycol 
(1,2-dihydroxypropane) with hydrogen at pressures of from 10 to 100 at¬ 
mospheres and at temperatures above 150°C, preferably between 190 and 
300°C. Many hydrogenation catalysts may be used; e.g., Ni, Fe, Pt, Au, 
Hg, copper chromite or tungstic acid 4 - 168 • m . 

Reduction with Hydriodic Acid. Glycerol heated to 135 to 140°C with 
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an excess of hydriodic acid is reduced to isopropyl iodide. This reaction is 
the basis of the Zeisel-Fanto analytical method for determining glycerol 
and has been discussed in Chapter 6. As stated there, the reaction is not 
strictly quantitative. Some allyl and propylene iodides and also propylene 
and propane are formed. It has been proposed that cyclopropanol is an 
intermediate product which results in the formation of the allyl iodide 289 . 
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Isopropyl iodide has been prepared by heating 60 g of glycerol, 50 g 
of iodine and 5 g of red phosphorus until the product distilled 288 . The fol¬ 
lowing reactions are assumed. 


CjH*(OH), + 3 HI — C,H»I, + 3 H ,0 
CjHJj - CH,—CH—CH,I + I, 

CH,—CH—CH,I + 2 HI - CH,—CH I—CH, + I, 

Esters 

Esters of Organic Acids. The esters of glycerol are the commonest and 
most diverse group of glycerol derivatives. As the natural glycerides, the 
fats and oils, they occur throughout the animal and vegetable kingdoms. 
Many glycerides are prepared commercially from glycerol and fatty acids. 
Other esters of glycerol are prepared with the lower fatty acids and with 
non-fatty acids. In addition to the numerous organic acid esters of glycerol, 
there are also the esters of inorganic acids. Since glycerol has three hydroxyl 
groups, and any or all may be esterified with almost any combination of 
acid radicals, the number of possible glycerol esters is enormous. 

There are five general reactions for the preparation of glycerol esters. 


C,H»(OH), + RCOOH C,H 4 (OH),OOCR + H,0 (1) 

glycerol + acid (esterification) 

C,H 4 (OH), + RCOOR' ^ CjH»(OH),OOCR + R'OH ( 2 ) 

glycerol + ester (alcoholysis) 

C JI 4 (OH),OOCR' + RCOOR' ^ C,H,(OH),OOCR + R'COOR' (3) 
glyceride + ester (transesterification) 

C,H s (OH),Cl + RCOOM - C,H*(OH),OOCR + M Cl (4) 

C,H 4 (0H),S04M + RCOOM -* C,H 4 (OH),OOCR + M*S0 4 
glycerol halohydrin or sulfate plus a metallic salt or soap 

C,H 4 (OH), + RCOC1 -* C,H 4 (OH),OOCR + HC1 (5) 

glycerol + acid chloride (or acid anhydride) 
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Although monoglycerides are indicated in the above equations, the re¬ 
actions are also applicable to di- and triglycerides. The first three equations 
represent equilibrium reactions which can be forced to practical completion 
if one of the products can be removed. This is usually easily accomplished 
by distillation of the more volatile product, e.g., water, a lower alcohol or a 
low boiling ester. They are also subject to catalytic influence. The first 
is usually catalyzed with an acid although an alkali may be used. The sec¬ 
ond and third are more often catalyzed with an alkali or a soap although 
an acid may be used. Special cases of reactions (2) and (3) are the use of glyc¬ 
erol and a triglyceride to form mono- and diglycerides and the use of two 
triglycerides to form new triglycerides by transesterification (see also page 
349). A reaction very similar to (5) is the formation of an ester from sodium 
glyceroxide and an acid chloride (see page 383). 

In the esterification of glycerol the primary, or a, hydroxyls usually 
react more readily than the secondary, or 0, hydroxyl. Consequently, a- 
isomcrs predominate over 0-isomers. This generalization does not seem to 
apply in the case of formic acid esters 73 . The proportion of a- and 0-isomers 
in any ester is established by an equilibrium reaction made possible by the 
migration of the acyl groups. This migration is catalyzed by acid. Aliphatic 
acyl groups migrate much more readily than the aromatic groups 175 . In 
any operation where glycerides are subjected to acidic conditions, great 
care must be taken in drawing any conclusion as to the structure and 
constitution of the resulting compound* 5 - 88 • 100 • 101 • ,48 - 239 • 3(M . Apparently 
the mechanism of the migration is that of the intermediate formation of an 
unstable cyclic acetal 100 - ,48 . 
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The effect of hydrochloric acid upon the velocity of esterification of a 
considerable number and variety of organic acids in glycerol was studied 
by Kailan. The effect on the velocity coefficient for all of the organic acids 
is proportional to the concentration of hydrochloric acid. Sulfuric acid is 
not as effective as hydrochloric acid 178 - ,80_,9 °. 

Glycerol Formates. a-Glycerol formate may be prepared from a-mono- 
chlorohydrin and sodium formate. It is unstable and decomposes at 150°C 
during vacuum distillation 69 . When glycerol is directly esterified with formic 
acid, it is found that the 0-hydroxyl reacts more easily than the other two 
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and the reaction product contains principally /3-glycerol monoformate and 
<*, 0-glycerol diformate. Constants of the /3-monoformate fraction are bio 
154-157°C, d 0 1.3052, nj 25 1.4614. Pure a, /3-glycerol diformate prepared 
from a, 0-dibromohydrin has the constants bn 15l-153°C, dS 1.3252, 
d 0 1-3214, n 0 1.4503. a, 7 -Glycerol diformate, made from a.y-dichloro- 
hydrin; bn 144-146°C, dj 1.3218, n?* 1.4486. The *, 0 - and a, 7 -diformates 
are both very hygroscopic, soluble in ethyl alcohol and in acetone, slightly 
soluble iii ether and insoluble in benzene 66 - 67 • 68 • 7J . At temperatures from 
about 235 to 310°C the glycerol formates decompose to yield allyl alcohol 
as the principal product. The 0 - and a,/3-formates give better yields of 
allyl alcohol than do the a- and a, 7 -formates. Glyceryl triformate is 
prepared by repeatedly heating glycerol diformate with concentrated formic 
acid and distilling off water and formic acid until a product containing a 
large proportion of the triformate is obtained. The product, m.p. 18°C, 
may be crystallized "by cooling with liquid ammonia until a seed crystal 
is obtained, then warming slowly to 0°C. When heated rapidly the pure 
triester distills almost unchanged at 266°C and 762-mm pressure 266 . When 
preparing glycerol diformate by direct esterification, removal of the water 
of reaction by azeotropic distillation with toluene (azeotrope, b.p. 83-85°C) 
results in a good yield of the product, bis 158-160°C* 27 . 

Glycerol formates may l>e prepared by reaction between carbon monoxide 
and glycerol at 60-150°C and 10-700 atmospheres pressure in the presence 
of an alkaline catalyst 17 . Glycerol mono- and diformates may also be pre¬ 
pared by heating glycerol with oxalic acid. This reaction is used as an 
intermediate step in the preparation of allyl alcohol. It is not as efficient 
as the preparation using glycerol and formic acid. 

Glycerol Oxalates. One mole of oxalic acid and 20 moles of glycerol give 
a mixture of the normal and the acid esters after standing for three months 
at room temperature. Upon heating the normal ester gives acrolein and the 
acid ester gives monoformin 51 . Glycerol oxalate, obtained by heating methyl 
oxalate with glycerol, melts with decomposition at 220-225°C, forming 
allyl alcohol, carbon monoxide, carbon dioxide and an oil 306 - 307 . 

Glycerol Acetates. The acetins (mono-, di- and triacetic esters of glycerol) 
are the commonest of the short-chain fatty acid esters of glycerol. They 
arc used principally as solvents and plasticizers. The formation of triacetin 
is the basis of an important analytical method for the determination of 
glycerol (see Acetylation, page 201). 

(ilyeerol and glacial acetic acid heated together form a mixture of mono-, 
di- and triaeotins, their proportions depending in part upon the relative 
amounts of the reactants. Schuette and Sah 277 claim that the choice of 
catalyst plays an important role in directing the reaction to one product or 
another. Equimolar quantities of glycerol and glacial acetic acid with 
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phosphoric acid or phosphorus pentoxide as the catalyst, refluxed for 2 
hours at 170°C, gave a high yield of practically pure monoacetin. Mono- 
acetin is also formed when di- or triacetin is heated with an excess ol 
glycerol in the presence of phosphoric acid. Sulfuric acid as the catalyst 
causes the production of diacetin as the principal product of glycerol and 
an excess of glacial acetic acid. With zinc chloride both mono- and diacetin 
are formed in large amounts. Pure a y-diacetin may be prepared by heating 
a ,y-dichlorohydrin with sodium acetate at 150°C. The a,0 -diacetin may 
be prepared from y-iodohydrin-a./S-diacetate and moist silver oxide 331 . 
Glycerol can also be acetylated by reaction with ketene in the presence of 

a strong acid 120 - ,3 °. ... 

Triacetin can be produced quantitatively by refluxing glycerol with 
acetic anhydride and a small amount of sodium acetate. A more economical 
method, although the yield is not quantitative, is to heat glycerol with 
glacial acetic acid and a catalyst. By this method Senderens and Aboulenc* 79 
obtained an 88.5 per cent yield of triacetin when sulfuric acid was the cata¬ 
lyst (100 g glycerol, 180 g acetic acid, 1.89 g sulfuric acid). 

Some of the physical properties of the acetins are given below: 

Monoacetin—b, 129-131°C, d’° 1.2060, n” 1.4517, y,„ 47.27 dynes/cm, 4»o 9G.83 
centipoises ,# «. m . 

/(—)a-Monoacctin—n" 1.4500, [a]» -10.5° (C5, in dry pyridine)* 1 . 

/9-Monoacetin—bo. a 177-178°C 11 . 

a.Y-Diacetin—m.p. 40°C, b„ 149°C, b,. 0 280°C, d“ 1.184. 
a,0-Diacetin—bit 140-142°C JJ *. 

Triacetin—m.p. 3.2°C, b, 130.5°C, nj 1.4288*“, d>* 1.161. 

The esterification of glycerol with chloroacetic acid or with trichloro¬ 
acetic acid is a series of bimolecular reactions. The formation of the mono¬ 
ester is slower than that of the diester from the monoester and the forma¬ 
tion of the triester is more rapid than either of the preceding steps 145 . 

Monosodium glyceroxide reacted with ethyl bromoacetate gives two com¬ 
pounds containing six-atom rings 25 . 
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Glycerol Propionates. Monopropionin, b 3 132-134°C, d]° 1.1537, n 20 
1.4503, 720 36.63 dynes/cm, 1720 89.59 centipoises, has been prepared from 
equimolar amounts of glycerol and propionic acid with phosphoric acid 
as a catalyst. The mixture was refluxed with carbon tetrachloride and 
water removed from the condensate 124 - 276 . 
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Tripropionin, !)» 175-175°C 167 . 

Glycerol Butyrates , Valerates and Caproales. Mono-n-butyrin, b 4 139- 
140°C, dj° 1.1344, n 2n 1.4531, 7 » 35.29 dynes/cm, rj n 122.65 centipoises, 
was prepared in the same manner as the monopropionin 276 . 

' Monoisobutyrin, b 2 128-130°C, d 2 4 ° 1.1073,n 20 1.4478, 7 *. 31.58 dynes/cm, 

V 20 104.65 centipoises 124 . 

Tributyrin, b 315°C and triisovalerin, b^ 209.5-210.5°C, b 7 e 3 330.5°C, 
may be prepared from the sodium salt of the acid, phosphorus penta- 
chloride and glycerol 234 . 

Mono-n-valerin, b« 129-131°C, dj° 1.0803, n” 1.4515, 7 *> 30.91 dynes/cm, 
i )20 90.57 centipoises 124 . 

Monoisovalerin, ba., 145-147°C, dj° 1.0830, n“ 1.4498, y m 32.85 dynes/ 
cm, T 720 142.64 centipoises 124 . 

Mono-n-caproin, b 2 132-134°C, dj° 1.1352, n™ 1.4591, 720 30.59 dynes/cm 
t? 2 o 198.85 centipoises 124 . 

Glycerol Esters of Higher Fatty Acids; the Glycerides. The glycerides of 
the higher fatty acids are universally formed in all living matter, both 
animal and vegetable. They are a basic type of food and are also of great 
importance in industry. The manufacture of soap (see Chapter 3) and paint 
are the greatest non-food uses of fats. 

The natural fats are triglycerides with minor amounts of other substances. 
The natural fatty acids, with few exceptions are straight chain com¬ 
pounds with an even number of carbon atoms. The most common acids 
are those with 14, 16 or 18 carbon atoms. The acids may be saturated or 
unsaturated and a few are hydroxylated. The possible number of glycerides 
that can be formed is very great and the number that has been described is 
large. The literature should be consulted for specific information. 

Glycerol Esters of Hydroxy Acids. Glycerol monoglycolate can be prepared 
by the alcoholysis of methyl glycolate with glycerol 208 . Similarly, glycerol 
monolactate may be made by heating together approximately equimolar 
amounts of glycerol and a lactic acid ester. The alcohol of the ester should 
boil below 100°C so that it can be readily removed from the reaction mix¬ 
ture 207 . Glycerol dilactate may be made by reaction between a glycerol 
dihalohydrin and an alkali or alkaline earth salt of lactic acid with heating 
to 160°C in water solution for three hours 319 . 

Glycerol Carbonates. These esters may be prepared by heating other car¬ 
bonic esters such as ethyl or phenyl carbonate with glycerol or by reacting 
phosgene with glycerol in the presence of organic bases such as pyridine, 
triethylamine or quinoline 62 - 63 • 292 . 

O-CO-O 

1 1 

Monocarbomethoxyglycerol carbonate, CH 2 -CH—CH 2 OCOCH3, m.p. 

88°C, may be prepared in about 25 per cent yield from glycerol and methyl 
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chloroformate, Cl—COOCH,, in slightly alkaline solution. Monocarbo- 
ethoxyglycerol carbonate, b.p. 304-306°C, is obtained in 15 per cent yield 
by slowly adding ethyl chloroformate to glycerol and sodium heated on a 
water-bath. Tricarbomethoxyglycerol, bi.§ 152°C, and tricarboethoxyglyc- 
erol, bo.j 168-169°C, CjH t (0—CO—O—R)j, may be prepared by grad¬ 
ually adding methyl (or ethyl) chloroformate in chloroform to glycerol and 
pyridine in chloroform at about 0°C 7 . 

Glycerol Esters of Amino Acids. The monoglycerides of amino acids have 
been prepared in small yields by intimately mixing the sodium salt of 
the acid with a-monochlorohydrin under anhydrous conditions. The esters 
of glycine and alanine were not obtained in crystalline form. Mono-di¬ 
leucine glycerol ester, m.p. 196-198°C, was obtained in 10 per cent yield 110 . 
Other amino glycerides were studied by Abderhalden 1 • *. 

Glycerol Benzoates. Glycerol a-monochlorohydrin heated with sodium 
benzoate for 2 hours at 175°C produces principally glycerol a, 7 -dibenzoate 
but also some glycerol a-monobenzoate. The a, 7 -dibenzoate is probably 
formed by ester interchange between two molecules of the monobenzoate. 

2 CH«OH—CHOH—CHj—O—CO—C*H» ^ 

C,Hs-C 0 -O-CH^CH 0 H-CH,-O-C 0 -C,H 4 + 

CH,OH—CHOH—CHjOH 

They may be separated by extracting the monobenzoate with warm water. 
Glycerol a-monobenzoate is a viscous, water-soluble liquid which decom¬ 
poses when distilled. Glycerol a, 7 -dibcnzoate is a viscous, hygroscopic oil 
which is only slightly soluble in water. Glycerol dibenzoate, mixed with a 
lesser amount of glycerol monobenzoate is also formed when an equimolar 
mixture of benzoic acid and glycerol is heated at 225°C for 10 hours in an 
atmosphere of carbon dioxide 706 . 

Glyceryl tribenzoate may be prepared from glycerol and benzoyl chloride 
by the Schotten-Baumann reaction. Best results are obtained by observing 
the following conditions; low temperature, gradual addition of the benzoyl 
chloride in an amount equal to 1.2 to 1.5 times theory, the use of potassium 
hydroxide instead of sodium hydroxide (although in this the difference is 
small), the use of as concentrated a solution of alkali as possible, the use 
of as concentrated glycerol as possible, and prompt removal of the ester 
to prevent hydrolysis. Recrystallized from alcohol, the product melts at 
71-72°C 224 . Glyceryl tribenzoate occurs in two forms. The one commonly 
obtained melts at about 72°C, the other at 76°C 206 . If the high-melting form 
is recrystallized from ligroin, or is fused and allowed to cool slowly, the low- 
melting form is obtained. 

Monosodium glyceroxide and p-nitrobenzoyl chloride give glycerol a-(p- 
nitrobenzoate) m.p.l07°C 87 . The preparation of glyceryl tribenzoate and 
glyceryl tri- 3,5-dinitrobenzoate for the identification of glycerol have 
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been described in Chapter 6. Glycerol «-(2,4\6-trinitrobenzoate may be 
prepared by refluxing four parts by weight of anhydrous glycerol with one 
part of the acid chloride, yield about one part, m.p. 164.5°C 28 ‘. 


Preparation of Glycerides of Known Structure 

The preparation of glycerides of known structure is important in the 
study of the glycerides themselves and also as a step in establishing the 
structure of many other glycerol derivatives. The proof of glyceride 
structure is made difficult by the ease with which the ester groups migrate. 
Migration is catalyzed especially by acid but alkali and increased tem¬ 
perature also accelerate it. There is a greater tendency for groups to move 
from the 0 to the a position, than to move in the opposite direction. 

Glycerides can be prepared without migration of the ester group by the 
use of glycerol trityl ethers as intermediate compounds. One or two hy¬ 
droxyls of the glycerol are blocked by etherification with the trityl group. 
The remaining hydroxyls are then esterified with an acid chloride, after 
which the trityl groups are removed by catalytic hydrogenation with Pt- 
black in absolute ethyl alcohol at 45-50°C and 45 pounds pressure psi. 
Due to the mildness of the conditions, the ester group does not shift. 


V 


CHjOC(C«Hj)j 

I 

CHOH 

I 

CHjOH 

/ 

CHjOH 

I 

CHOH + (C«H$)»CC1 

I 

CH,OH 

\ 

CH,OC(C«H 4 ), 

I 

CHOH 

I 

CHjOC(C»H s )j 


CHjOC(C#IIi)j 

I 

-► CHOCOR 

I 

CHjOCOR 

RCOC1 

quinoline 

chloroform 

CHjOC(C«H k )i 

I 

-► CHOCOR 

I 

CH,OC(C.H*)* 


CHjOH 

I 

-> CHOCOR 

I 

CHjOCOR 
Hj a,0-diglyceride 
Pt or Pd 
in EtOH 

CHjOH 

I 

-► CHOCOR 

I 

CH,OH 

0 -monoglyceride 


Trityl chloride reacts with both secondary and primaiy hydroxyl groups 
and therefore the structure of the trityl ethers must be established in every 
case 62 -***. However, the reactivity of the primary hydroxyl groups is much 
greater than that of the secondary groups. The removal of the trityl groups 
by hydrolysis with 11 Hr has also been tried 14 *• IU , but was found to be un¬ 
satisfactory because of the rapid migration of the acyl group during treat¬ 
ment with acid 175 . 
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A method for preparing raonoglycerides of known structure makes use 
of the glycerol acetals and ketals. Benzylidene glycerol and isopropylidene 
glycerol are frequently used in this reaction. The former compound exists 
in two isomeric forms. In one the a- and /3-hydroxyls are blocked, in the 
other, the a- and 7 -hydroxyls. Isopropylidene glycerol is obtained only 
as the a,0 -isomer by the usual methods of synthesis. By acylating the proper 
isomer and then removing the acetal or ketal group by catalytic hy¬ 
drogenation or mild hydrolysis, a glyceride of known structure is obtained 148 . 
Special care to avoid migration is required when working with these com¬ 
pounds 21 • 83 ' 150 • 172 • 30 °- 


CH,—O CH, 

\ / 

C Pyridine 

/ \ + RCOC1 - 

CH—0 CH, °? CI * CH—0 


dry 


CH,—O CH, 

\ / 

C 

/ \ 

CH, 


CII,—OH 

a,/J-isopropylidine glycerol 


CH,—O—CO—It 


Pt black 
EtOH 


CII,—OH 

I 

CH—OH 

I 

CH—O—CO—R 
a-monoglyceride 

Allyl esters may be oxidized to a-monoglycerides with dilute potassium 
permanganate 88 . 

Preparation of Glycerides by Ester Interchange 

Ester interchange can take place in three ways: (1) By the transfer of an 
acid radical from an ester to an alcohol. This is known as alcoholysis, 

O O 

✓ 

It—C—OR' + It"—OH ?=* It—C—OIt" + R'—OH 

(2) By the exchange of acid radicals in two esters, 

OOO O 

R—C—O—It' + R"—C—O—R'" ?=» It—C—O—It'" + It"—C—O—It' 

(3) By the replacement of an acid radical in an ester with the radical of 
a free acid, 

O 0 0 0 

✓ ✓ ✓ ✓ 

It—C—O—It' + R"— C— OH R"—C—O—R' + It—C—OH. 
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Only the first two methods are used in the commercial preparation of 
glycerides. 

A variety of catalysts may be used to promote the first two reactions 
but soaps and alkali are the most commonly used. Potassium carbonate, 
pyridine and sodium methylate have been used 101 . Tin, cadmium, lead, 
zinc and their compounds, sodium ethylate and sulfonic acids may be used 
as catalysts. Temperatures of 200-250°C are effective and reduced pres¬ 
sure and an inert atmosphere may be used if necessary 211 . Soaps of mono- 
and bivalent metals are used at temperatures above 150°C 78 . Calcium oxide 
and lead oxide (PbO) are effective catalysts for ester interchange between 
vegetable oils and glycerol. Magnesium oxide is less effective and iron, 
cobalt and zinc oxides are ineffective. Caustic alkali is the most effective 
of this group of catalysts 26 . With calcium oxide as the catalyst, tempera¬ 
tures of 200-250°C and a heating time of 2-4 hours are used. The higher 
temperature gives more complete alcoholysis but longer time causes some 
dehydration between unreacted hydroxyl groups. With mixtures of linseed 
oil and glycerol, 12-15 per cent of glycerol produces diglycerides, 25-30 
per cent of glycerol produces a mixture of mono- and diglycerides and 85 per 
cent of glycerol produces mainly monoglycerides 27 * **. Reaction between 
glycerol and oil can be accomplished by heating under pressure to 200- 
350°C in the presence of a small amount of water 6 . 

The preparation of mono-, di- and triglycerides of the fatty acids by 
these various methods is of great economic importance. The mono- and 
diglycerides are surface-active and emulsifying agents which find extensive 
commercial use. The preparation of triglycerides makes possible the re¬ 
arrangement of fatty acid groups to produce oils of greater value than the 
original oils. These synthetic products range from edible fats to drying oils 
for paints. 

The synthetic glycerides may be prepared by direct esterification of the 
selected fatty acid with glycerol or by alcoholysis of a fat with glycerol 
whereby mono- or diglycerides may be obtained. Pure anhydrous glycerol 
and fatty triglycerides do not react appreciably below their decomposition 
temperatures unless a catalyst is present. Mono- and diglycerides can be 
distilled without disproportionation if no catalyst is present 267 . Time and 
temperature required for the reaction vary with the conditions and the 
catalyst used but usually fall within the limits of about % to 5 hours 
and 150 to 250°C m . Alkaline catalysts such as free alkalies, alkali alco- 
holates, alkaline salts or soaps are commonly used for these reactions. Cer¬ 
tain sulfonic acids and fluorides 741 have been used and water also is a catalyst. 
The subject has a very extensive literature both in the technical journals 
and in patents.* 

• See “Synthetic Fatty Acid Glycerides of Known Constitution,” by B. F. Daubert 
and C. G. King in Chemical Reviews, 29. 269-285 (1941) and “Polyhydric Alcohol 



CHEMICAL PROPERTIES AND DERIVATIVES OF GLYCEROL 351 


Alkaline catalysts favor the formation of monoglycerides in the early 
stages of reaction but if the reaction is long continued, the equilibrium at¬ 
tained is not affected by the catalyst 270 - 3ts . Because glycerol and fat or 
fatty acids are immiscible, at least in the early stages of reaction, the rate 
of reaction can be increased by the use of a mutual solvent such as phenol 
or cresol. The proportion of monoglyceride is also increased because all of 
the glycerol is brought into contact with the fatty acid or fat instead of the 
small portion that would make contact with the oil phase if a mutual sol¬ 
vent were not used. In this latter condition, the monoglyceride, being in the 
oily phase, tends to react with the oil and form diglyceride 166 . 

The proportions of glycerol, mono-, di-, and triglyceride in equilibrium 
when glycerol and a triglyceride react at a temperature not higher than 
200°C are in close agreement with the theoretical proportions calculated 
with the assumption that there is a random distribution of the acyl groups 
on the glycerol radical”. The same condition of random distribution occurs 
when interesterification takes place between two triglycerides 76 - * 38 . 

Commercial monoglycerides seldom contain more than 60 per cent of the 
monoglyceride, the balance being di- and triglycerides and free glycerol. 
For example, “monolaurin” may consist of 56 per cent mono-ester, 14 per 
cent of di- and tri-esters and 30 per cent of glycerol. Purer products can be 
prepared by fractional crystallization. Dissolved in warm aqueous ethyl 
alcohol and then cooled, the impurities crystallize and monoglyceride of 92 
per cent purity can be obtained from the filtrate 98 . 

Interesterification between triglycerides can be controlled to obtain cer¬ 
tain products and random distribution of the fatty acids avoided to a cer¬ 
tain extent. This is accomplished by conducting the reaction at such a 
temperature that the higher melting triglycerides of the saturated fatty 
acids continuously crystallize and so are removed from the reaction. The 
liquid phase contains a greater proportion of unsaturated triglycerides 
than can be obtained by interesterification at higher temperatures. With 
an alkaline catalyst such as sodium methylate, satisfactory reactions can 
be obtained as low as 50°C 76 - 77 • Ml - 337 . 


Esters of Inorganic Acids 

Halohydrins. The glycerol esters of the hydrogen halides are known as 
glycerol halohydrins, or specifically as chlorohydrins, bromohydrins and 
iodohydrins. Mono- and dihalohydrins each occur in the a - and 0-isomeric 
forms. In any preparation of the halohydrins from glycerol and the cor¬ 
responding acid a mixture of the mono- and dihalohydrins is obtained, the 
predominance of one or the other being determined by the conditions of the 
reaction. The principal use of the halohydrins is in synthesis. The reactive 


Esters of Fatty Acids,” by H. A. Goldsmith in Chemical Reviews, 33, 257-349 (1943) 
for extensive reviews of the literature. 
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halogen atoms offer a good means of substituting other groups on the 
glycerol molecule, particularly to form esters by reaction with salts of 
acids, to form ethers by reaction with alcoholates and to form amines by 
reaction with ammonia. The chlorohydrins also find occasional use as 
solvents for cellulose derivatives, resins and gums. 

Chlorohydrins. Glycerol monochlorohydrin is a heavy, slightly viscous 
and colorless liquid with a sharp and slightly sweet odor. It is soluble 
in all proportions in water, alcohol, glycerol, ether and acetone; soluble 
in hot benzene and very slightly soluble in cold benzene, petroleum ether 
and xylene. The a-isomer, b u . 5 119-119.5°C, d*° 1.3216*“ or bi 83°C, 
d 20 , 1.3209, n? 1.4783, n™ 1.4809, 1.4861*“. The /3-isomer, b,«* 124.5- 

125°C, d° 1.3375, d 20 1.3207 2 “; b, a i 122.5-123.5°C, dj° 1.3241 2 ”. 

Glycerol monochlorohydrin may be prepared from glycerol and hydrogen chloride 
gas. About 2 per cent of acetic acid is added to the glycerol to catalyze the reaction 
and hydrogen chloride is bubbled rapidly into the mixture at 100-110°C. Absorption 
of the gas is rapid at first but becomes slower when the weight of acid equals about 
65 per cent of the weight of glycerol. When the increase in weight indicates absorption 
of about 0.75 mole of hydrogen chloride per mole of glycerol, the reaction is stopped 
to limit formation of dichlorohvdrin. The reaction mixture is distilled at reduced 
pressure and the product collected at 114-120°C, 14 mm. The yield is 65-70 per cent 
of theory, based on glycerol. The aqueous first fraction can be neutralized and 
worked up for an additional portion of product. 

In Figure 8-1 is shown the effect of the amount of hydrogen chloride 
used upon the yield of both mono- and dichlorohydrin 10 . Two per cent of 
acetic acid was used as catalyst and the hydrogen chloride was absorbed 
at 100-110°C. Within the range of 90 to 120°C, the effect of higher tem¬ 
perature is small, the proportion of dichlorohydrin and the total yield being 
increased only slightly. 

The product is principally the a-isomer, the 0-isomer being formed to the 
extent of only 10 or 15 per cent 2M . The product will contain some aceto- 
chlorohydrin derived from the acetic acid catalyst but this is not objection¬ 
able in most uses of it. 

The monochlorohydrin may also be prepared from glycerol and aqueous 
hydrochloric acid 262 . 

Pure a-monochlorohydrin may be prepared by hydrolyzing epichloro- 
hydrin with an acid catalyst such as sulfuric acid 29 * 117 • 26 °. 

To 10 moles of water containing about .002 mole of sulfuric acid and heated to 
about 90°C, under a reflux condenser add 1 mole of epichlorohydrin with stirring 
during a period of 1 hour. Continue heating until there is no odor of epichlorohydrin 
(about one-half hour). Neutralize and distill the mixture. Yield; 90-03 per cent of 
theory* 19 . 

0-Monochlorohydrin may be prepared by the action of hydrochloric acid 
on glycidol. Both the a- and 0-isomers are formed but the 0-isomer is ob- 
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tained in larger proportion than when glycerol and hydrochloric acid 

react 285 - 286 . , 

The a- and /9-isomers may he separated by means of the ditteience m 

their reaction rates with acetone. When condensed with acetone in the 
presence of phosphorus pentoxide, the a-monochlorohydrin very readily 
forms isopropylidene a-monochlorohydrin but the ^-compound reacts more 
slowly, the ratio being about 5.6:1. The isopropylidene a-monochlorohydrin 
is separated from the unreacted / 3 -monochlorohydrin by distillation and 
then hydrolyzed to recover the a-monochlorohydrin. By repeated treat¬ 
ments with this process, products of better than 95 per cent purity can be 
obtained. Pure glycerol a-monochlorohydrin; bn 119°C, v‘° 1.59 poises, 



Figure 8-1. Yields of glycerol chlorohydrins vs. amount of hydrogen chloride used. 

dj° 1.3214, n?,° 1.4811. Pure glycerol /3-monochlorohydrin; bn 124°C, »? 20 3.00 
poises, d]° 1.3219, n^ 0 1.4831. The best criterion of purity of the isomers is 
their decomposition velocity in alkaline solution 288 . Sulfuric acid may be 
used instead of phosphorus pentoxide as the catalyst for the condensation 
with acetone 127 . The phenyl urethane of glycerol a-monochlorohydrin melts 
at 128-120°C; the /3-isomer melts at 131-133°C 262 . 

Many different conditions of temperature, concentration and catalyst 
have been tried in the preparation of glycerol chlorohydrins. The literature 
to 1931 has been reviewed by Gibson 123 who also studied the effect of vary¬ 
ing the temperature and amount of acetic acid. His best results were with 
100 parts of glycerol by weight, 2 parts of acetic acid and 30 parts of gaseous 
hydrogen chloride at 100°C. By reworking the glycerol-containing residues 
he obtained an over-all yield of 85.6 per cent monochlorohydrin, 3.6 per 
cent dichlorohydrin, 9.7 per cent polyglycerol chlorohydrins ancf 1 per cent 
of unchanged glycerol. 
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Mono- and dichlorohydrins can both be prepared by the action of sulfur 
monochloride on glycerol 70 . 

2CiH.(OH)j + 2SiCli ■ 85 ~ 1 °°' H. 2CjHi(OH)iC1 + 3S + 2HC1 + SO, 

Yields of up to 63 per cent of monochlorohydrin plus 15 per cent of 
dichlorohydrin can be obtained if a small amount of acetic acid is used as a 
catalyst. The ratio of dichlorohydrin to monochlorohydrin is increased as 
either the proportion of sulfur monochloride or the catalyst is increased. 
The addition of water, about 25 per cent of the total weight of the reactants, 
at the end of the reaction causes all of the soluble and colloidal sulfur to 
coagulate so that it can be removed by filtration. A sulfur-free product is 
then obtained after distillation. If no water is used, the product will contain 
sulfur 10 . 

Glycerol reacts smoothly with thionyl chloride and pyridine to give 
mono-, di- and trichlorohydrins according to the amounts used 47 . Glycerol 
and thionyl chloride alone give a good yield of glycerol a-monochlorohydrin 
sulfite, bu 100°C 2,S . 

Glycerol monochlorohydrin can be made by the addition of hypochlorous 
acid to allyl alcohol 247 (see also Glycerol from Propylene, page 80). 

The hydrolysis of glycerol a-monochlorohydrin is a function of the 
hydroxyl ion concentration. By water alone, it is extremely slow. At 101°C 
k is 0.00010 for k l/t log C 0 /C 1 . Acid retards the reaction slightly, but alkali 
accelerates it greatly 280 . 

Glycerol a-monochlorohydrin can be accurately titrated in the following manner: 
Dissolve the sample in an excess of 0.1 A r lead tetraacetate and allow the solution to 
stand overnight. Then add 20 ml of a solution containing 20 g of potassium iodide 
and 500 g of sodium acetate per liter. Titrate back the iodine liberated by the excess 
lead tetraacetate with 0.1 X sodium thiosulfate and compare with a blank analysis”*. 
Oxidation with lead tetraacetate is analogous to oxidation with periodic acid (see 
page 338) in that it is specific for compounds having hydroxyl groups on adjacent 
carbon atoms and will not oxidize glycerol 0 -monochlorohydrin. 

Glycerol dichlorohydrin is a heavy mobile and colorless liquid with a 
rather sweet odor. It will form a 14-16 per cent solution in water in the 
temperature range of 0 to 50°C and may be extracted from water with ether. 
Within the same temperature range the solubility of water in dichlorohy¬ 
drin is 12-18 per cent. It forms constant-boiling mixtures with water at 
760 mm boiling at 99°C and containing 23.2 per cent of dichlorohydrin, 
and at 40 mm boiling at 41°C and containing 16.2 per cent of dichlorohy- 
drin. Dichlorohydrin: b« 92-92.5°C, dl‘ 1.359, n“ 1.4797 1 **. Its vapor 
pressure at various temperatures is given below 301 : 

V.p., mm Hg. 1 5 10 20 40 60 100 200 400 760 

°C.!. 28 52.2 64.7 78.0 93.0 102.0 114.8 133.3 153.5 174.3 

The pure a, 7 -isomer b 7 eo 174°C and the pure a,/3-isomer b 7 w 183°C 171 . 
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Glycerol dichlorohydrin may be prepared by the action of hydrogen 
chloride gas on glycerol. Both the a, 7 - and the «, 0-isomers are formed but 
the latter in small amount. The reaction is greatly accelerated by a catalyst. 
Various organic acids have been used, but glacial acetic acid is the usual 
choice. The method of preparation is similar to that for glycerol mono- 
chlorohydrin (see page 352) except that the hydrogen chloride is added to 
saturation, and a higher temperature is used. The yield can be increased 
by keeping the temperature at 130°C, thereby causing water to distill 
from the reaction mixture. When the mixture is distilled, the first fraction is 
aqueous hydrochloric acid and some dichorohydrin. This fraction can be 
neutralized with sodium carbonate, the dichlorohydrin separated and re¬ 
covered. The second and main fraction, which may be collected at 70-110°C, 
15 mm, is the crude dichlorohydrin. Following this some monochlorohydrin 
distills. The residue is glycerol and polyglycerol chlorohydrins. It has been 
found 123 that: (1) With an excess of hydrogen chloride and 4 per cent of 
acetic acid at 130°C a yield of almost 90 per cent was obtained, and poly¬ 
glycerol chlorohydrin formation was small. (2) With 4 per cent of acetic 
acid at 100°C the amount of polyglycerol chlorohydrin is reduced to a mini¬ 
mum, but the hydrogen chloride is not utilized as economically. (3) With 
aqueous hydrochloric acid and 4 per cent of acetic acid at 160°C dichloro¬ 
hydrin may be continuously steam-distilled from the reaction mixture. 
(4) Without acetic acid at 130°C the dichlorohydrin is free from acetates, 
but the reaction is slow, and a large amount of polyglycerol chlorohydrin 
is formed. 

Crude glycerine (82 per cent) and even glycerine “foots” of 40 per cent 
glycerol content have been successfully used for the preparation of glycerol 
chlorohydrins. 

An excess of hydrogen chloride gas, 2 per cent of acetic acid and a 
temperature of 100-110°C are recommended for the preparation of glycerol 
dichlorohydrin. The crude product, bi« 68-75°C, is obtained in 70 per cent 
yield; redistilled, bi 4 70-73°C, 57 per cent yield. This product contains 
little or none of the a.tf-isomer* 4 * m . 

Pure glycerol a, 7 -dichlorohydrin is prepared by converting ordinary 
dichlorohydrin (mixture of the a, 7 - and a, 0 -isomers) to epichlorohydrin 
and hydrolyzing this with hydrochloric acid 157 . 

Several techniques for the improvement of chlorohydrin manufacture 
by the use of solvents have been patented. During the reaction of glycerol 
with hydrogen chloride an added nonaqueous reaction solvent, such as 
dioxane which is miscible but not reactive, or glycerol monochlorohydrin, 
which is a reaction product, will aid the reaction 40 . The use of an inert, 
water immiscible solvent, such as ethylene dichloride or di-normal-butyl 
ether, for glycerol dichlorohydrin in its preparation facilitates continuous 
removal of the water by distillation and minimizes the formation of high- 
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boiling residues 38 . The use of alkyl ethers, chloro dialkyl ethers ethylene 
ehlonde and propylene chloride has been proposed for the extraction of 
glycerol dichlorohvdrin from aqueous solution 39 

Dichlorohydrin can also he prepared by the hypochlorination of allyl 
chloride. 

Glycerol trichlorohydrin (1,2,3-trichloropropane) is a heavy, mobile, 
colorless liquid, insoluble in water, soluble in alcohol and ether, m.p. 14 . 7 °c’ 
b 7 6 o 154-156°C, dl 5 1.417. It can be hydrolyzed to glycerol 72 - 224 . It may 
be prepared by the action of thionyl chloride on dichlorohydrin 28 . However, 
it is more easily prepared by chlorination of propane or propylene and, be¬ 
cause of this close relation to the hydrocarbons, is usually considered as a 
derivative of them rather than of glycerol. 

Bromohydrins. Glycerol monobromohydrin is a colorless, heavy and 
moderately viscous liquid. Like the monoehlorohydrin, it occurs in a- and 
0-isomeric forms. Glycerol a-monobromohydrin: b 08 90°C, d 20 1.770 
"«° 1.5159, it? 1.5191, n}° 1.5264, n\° 1.5328 283 . Glycerol 0-monobromo- 
hydrin: b« 106°C, n{, s 1.5228, bj 8 1.7709 2 " 7 . Glycerol monobromohydrin, 
bio 120-123°C, hi; 138°C, ban 145°C, l> 6 o 1G0°C, is soluble in about 50 vol¬ 
umes of cold water, will dissolve 1.5 volumes of cold water, and is miscible 
in all proportions with boiling water. It may be formed directly from 
glycerol by the action of hydrobromic acid, either by passing dry hydrogen 
bromide into glycerol 321 or by heating a mixture of glycerol and aqueous 
hydrobromic acid 2 ' 0 - 24 ‘. The a-isomer is formed in the larger amount. 

Glycerol monobromohydrin can be prepared from allyl alcohol and bro¬ 
mine water. In this reaction more of the 0 -isomer than of the a-isomer is 
formed. Some glycerol a,0-dibromohydrin is also produced 2 * 7 . Glycerol 
bromohydrins can also be prepared by electrolyzing sodium bromide in 
the presence of allyl alcohol 30 *. 

Glycerol monobromohydrin prepared by the hydrobromination of allyl 
alcohol, which is rich in the 0 -isomer, can l>e separated into the a- and 
0 -isomers by means of the difference in their reactivity when condensed 
with acetone. The 0-isomer is obtained in about 98 per cent purity 287 (cf. 
page 353). 

The specific rotations of the optically active forms of glycerol a-mono- 
bromohydrin are 2 : 

d-glycerol a-monobromohydrin (a] D 3.24° in alcohol (4.38° in water). 

Lglycerol a-monobromohydrin [a] D —0.49° in alcohol. 

Glycerol a-monobromohydrin may be titrated with lead tetraacetate 
the same as glycerol a-monochlorohydrin (see page 354). 

Glycerol dibromohvdrin is a heavy, colorless liquid which has two iso¬ 
mers, the a, 7 - and the a,0-forms. Glycerol a, 7 -dibromohydrin: bi 6 105°C, 
1)38 124°C, bjeo 219°C, d 18 2.11. Glycerol a,0-dibromohydrin: b i7 118°C, 
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h . 212—1°C, (1° 2.1682, soluble 1 part in 9 parts of water at 19°C and 1 
part in 6 parts of water at 72°C 3 “. Both isomers, the a, 7 - in larger amount, 
are produced by the action of hydrobromic acid on glycerol. 

Distill slowly a mixture of 1 mole of glycerol with 3 moles of aqueous hydrobromic 
aeW (sp. gr. 1 . 49 ) uotil the temperature reaches 126’C, then contmuc the d-nlla .on 
under reduced pressure. Yields 46 per cent of glycerol dibromohydrm: b....87 C, 
b 740 2 1 4.8°C, d;I 2.1348. In addition, 13 per cent of glycerol monobromohydrin is 

obtained 1 ' 0 . 

Bromination of glycerol with liquid bromine and red phosphorus will 
yield 54 per cent of glycerol dibromohydrin, bso 110-112°C, d“ 2.14“. 

The specific rotations of the optically active forms of glycerol <x,Q- 

dibromohydrins are 2 : , . 

d-glycerol a , 0 -dibromohydrin [a] D 7.27° (in alcohol), 11.85° (m substance). 
/_glycerol a, 0 -dibromohydrin |a) D —3.82° (in substance). 

Glycerol tribromohydrin ( 1 ,2,3-tribromopropane), b 7 »o 218-22°C, d 23 
2 430, has been prepared in 34 per cent yield from glycerol with bromine 
and a mixture of red and yellow phosphorus* 2 *. However, it is more com¬ 
monly prepared from hydrocarbon sources. 

Iodohydrins. Glycerol monoiodohydrin occurs in both the a- and 0-iso- 
meric forms. It is not prepared by reaction of glycerol with hydriodic acid 
because the acid is a strong reducing agent and will reduce glycerol to 
isopropyl iodide (see page 341). The chlorine of glycerol monochlorohydrin 
can be replaced with iodine by treatment with sodium iodide in the dark 
at 30-35°C 21212 ' 3 . By heating isopropylidene glycerol a-monochlorohydrin 
(20 g) with sodium iodide (40 g) in alcohol (120 cc) for 3 hours at 100°C 
both glycerol a-monochlorohydrin and glycerol a-monoiodohydrin are 
formed. The latter is obtained as crystalline scales when crystallized from 
chloroform-petroleum ether mixture; yield, 8 g, m.p. 49-50 o C 102 . The con¬ 
version of glycerol chlorohydrin to glycerol iodohydrin can also be carried 
out by heating the chlorohydrin with dry acetone and sodium iodide under 
pressure. The a-isomer readily forms isopropylidene glycerol a-iodohydrin, 
b &_6 75-8°C, which may be separated by distillation and hydrolyzed to 
pure glycerol a-iodohydrin. If fairly pure glycerol 0-chlorohydrin is taken 
for the reaction, pure glycerol 0 -iodohydrin can be crystallized from the 
reaction mixture. It forms fine, white, needle crystals, m.p. 52-53°C; sol¬ 
uble in water, alcohol, chloroform, acetone and ether; insoluble in ligroin 126 . 

Glycerol diiodohydrin, like the monoiodohydrin, must be prepared in¬ 
directly by way of the dichlorohydrin. Although it has the usual two 
isomeric forms, very little appears to have been done to characterize the 
pure compounds. Glycerol a, 7 -dichlorohydrin, containing some a,0-isomer, 
heated to 130-140°C with sodium iodide moistened with water produces 
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glycerol diiodohydrin of corresponding composition 214 . Glycerol <x,0-di- 
iodohydrin prepared by iodination of allyl alcohol melts at 43°C 9S . 

Sulfuric Esters. Glycerol sulfuric acid esters are easily prepared by the 
direct reaction of glycerol with sulfuric acid. As early as 1836 Pelouze pre¬ 
pared glycerol monosulfuric acid 24 * and its calcium salt, Ca(C 3 H 7 OeS) 2 247 . 
Much later, Griin prepared glycerol a,7-disulfuric acid ester by mixing 
one part of glycerol with four parts of 98.3 per cent sulfuric acid. The 
potassium and barium salts of the acid ester, KjCjHeOjSz and BaC 3 H 6 0*S 2 
• 2H 2 0, were obtained by neutralizing it with the proper hydroxide or 
carbonate 134 • ,37 . Recent work indicates that the preparation of pure mono- 
or disulfate is not as simple as suggested in the early accounts 10 . 

The complete esterification of glycerol with sulfuric acid can be repre¬ 
sented by three steps. The 0-hydroxyl is apparently less reactive than the 
a-hydroxyls. 


CHjOH 

1 

HjSO* 

CH,SO.H 

1 

HjSO. 

CH,SO,H 

1 

HjSO. 

ch,so 4 h 
_ 1 

CHOH ; 


* CHOH ; 


i choh ; 


* CHS 04 H 

1 

HjO 


H,0 

1 

HjO 

1 

CHjOH 


CHjOH 


CHiSo.H 


CHjSO.H 


Four factors influence the course of the reaction—time, temperature, 
molar ratio of glycerol to acid, and concentration of acid. It is to be ex¬ 
pected, and has been proved experimentally, that all of the reaction ma¬ 
terials and products can exist together in a reaction mixture. With lesser 
amounts of sulfuric acid, glycerol monosulfuric acid is the principal pro¬ 
duct. As more acid is used the glycerol di- and trisulfuric acids are formed 
in increasing amounts. The glycerol trisulfuric acid is not formed in sig¬ 
nificant amounts until the “degree of esterification” is 1.5 to 2.O.* 

Free glycerol disappears from the mixture when the degree of esteri¬ 
fication reaches about 2.0. Figure 8-2 shows the theoretical composition 
of mixtures whose degree of esterification is less than 1.5. Experimental 
results confirm the calculated data. Glycerol and glycerol monosulfuric 
acid were determined and distinguished by oxidation with neutral potas¬ 
sium periodate (see page 207). Glycerol disulfate was estimated by dif¬ 
ference. 

The degree of esterification of the glycerol depends not only upon the 
amount of acid used but upon its concentration. The influence of these 
factors is shown in Figure 8-3. 

The efficiency of the esterification, that is, the proportion of total acid 

• The term “degree of esterification” as used here is defined as the average number 
of ester groups on each glycerol molecule in a mixture. For example, pure glycerol 
monosulfuric acid has a degree of esterification of 1.0 and an equimolar mixture of 
glycerol monosulfuric acid and glycerol has a degree of esterification of 0.5. 
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which reacts, is a function of both the amount and concentration of the 
arid This is shown in Figure 8-4. . . 

When esterifying glycerol with sulfuric acid it is necessary to control 
the reaction temperature by adding the glycerol slowly and with stirring, 




Figure 8-3. Esterification of glycerol with various amounts and concentrations of 
sulfuric acid. 

while cooling the reaction vessel. The reaction is strongly exothermic and 
temperatures above 30°C favor side reactions. At 10-20°C from 2 to 4 
hours are required for a mixture of glycerol and sulfuric acid to reach equi¬ 
librium. 

Glycerol sulfuric acid can also be prepared from glycerol and sulfur 
trioxide. The reaction mixture must be kept cold (15°C), and it becomes 
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so viscous that the degree of esterification cannot be readily carried beyond 

1 . 2 . 

The glycerol sulfuric acid esters in water solution do not hydrolyze ap¬ 
preciably below 30°C in the absence of alkali. 

The salts of glycerol sulfuric acids may be prepared by neutralization. 
For example, the addition of lime (avoiding alkalinity and high tempera¬ 
ture to prevent hydrolysis) will precipitate free sulfuric acid as calcium 
sulfate and leave a solution of the calcium glycerol sulfates. The barium 
salts can be made similarly. The calcium or barium salts can be converted 



Floras 8-4. The* efficiency of sulfuric ucid in the esterification of glycerol. 

to other salts by double decomposition. For example, the addition of an 
equivalent amount of sodium sulfate solution will precipitate calcium sul¬ 
fate and leave a solution of sodium glycerol sulfate. Sodium, potassium, 
magnesium and ammonium salts have been prepared by this method. Iron 
and aluminum salts are not stable. 

The salts of glycerol sulfuric acids can be used for the preparation of 
esters, ethers and amines by double decomposition reactions. 

CHiOH—C’HOH—('II-—SOiXn + RCO,Xa - 

CHsOH—CHOH—CHj—COtR + Xa«SO« 

CHsOH—CHOH—CH*—SO«Na + R—O—Na — 

CHsOH—CHOH—CH S —O—R + Na ? SO« 

CHsOH—CHOH—CHs—SO, Na + 2NH.OH — 

CHsOH—CHOH—CH*—NH S + NaNH«SO« + H,0 
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Glvcerol Nitrite. The trinitrous ester of glycerol, CH 2 (—O NO) CH- 

/_ 0 _\o)—CH«(—O—NO) has been obtained by passing dry nitrous acid 

anhydride, N,0„ into cooled glycerol. The ester layer is sypho'ied from 
below the aqueous layer and purified by distillation in a stream of hydrogen. 

In a ir the yellow liquid boils at 150°C with a small amount of decomposi¬ 
tion- in hydrogen it boils at 150-154°C without decomposition. Its sp. gr. 

10 ^ j 291, and it decomposes in air with the formation of nitric oxide and 
oxalic acid. It is immiscible with water but is decomposed by it 2 l . 

Glycerol Nitrates. Glycerol mononitrate is a viscous, very hygroscopic 
liquid, soluble in water, alcohol and ether, sp. gr. “ 1.417. In aqueous solu¬ 
tion it is neutral to litmus. Glycerol mononitrate as ordinarily obtained is 
principally the a-isomer and about 3 or 4 per cent of the (3-LSomer. I he 
mixture does not crystallize readily. Seed crystals may be obtained by 
absorbing a small portion on diatomaceous earth and chilling it with a 
freezing mixture. Pure glycerol a-nitrate is obtained after several reciystal- 
lizations from water, alcohol or ether. The 0-corapound is obtained from 
the mother-liquor 134 . The pure isomers crystallized readily. Glycerol a-m- 
trate forms colorless prisms, m.p. 58-59°C, sp.gr. “ 1.53. Glycerol 0-iutnite 
forms leaflets and .branched structures, m.p. 54°C. Both isomers boil at 
l r )5-160°C 15 mm. The crystalline forms detonate easily but the liquid 
mixture is insensitive to shock 64 . They are not sufficiently powerful to be of 
value as explosives. Glycerol mononitrate may be prepared by the action 
of dilute nitric acid upon glycidol* 40 or by nitration of glycerol. By this 
latter method the di- and trinitrates arc also obtained 230 -. 

Glycerol dinitrate is a colorless, odorless oil, more viscous and more 
volatile than glycerol trinitrate. It is hygroscopic and can absorb 3 per 
cent of moisture. Sp. gr.* 4 1.15. It boils with slight decomposition at 146- 
I48°C, 15 mm. At — 40°C it solidifies to a glass and melts at — 30°C. It 
is weakly acidic but will not decompose carbonates. There are two isomeric 
forms, glycerol a,y-dinitrate and glycerol <*,0-dinitrate. The former is 
sometimes known as K-nitroglycerine, the latter as F-nitroglycerine. Both 
are noncrystallizable oils but the a,7-isomer forms a crystalline hydrate, 
3(C 3 HeNib 7 ) H*0, which melts at 26°C. Glycerol dinitrate may be pre¬ 
pared by nitration of glycerol with 3 to 5 times its weight of concentrated 
nitric acid. If the glycerine is poured into the acid, so that the acid is al¬ 
ways in excess, glycerol trinitrate will l>e formed as a by-product. It the 
acid is added to the glycerol, glycerol mononitrate will be the by-product. 
It is better prepared by nitrating glycerol with mixed acid. The mixed acid 
should contain less nitric acid or more water than when glycerol trinitrate 
is to be prepared. The mono- and trinitrates are always formed as by- 
products® 0 *’. Glycerol dinitrate is similar to glycerol trinitrate in explosive 
properties. When exploded it decomposes as indicated in the equation; 

C s H,N 2 C>7 — 2CO: + CO + 2HjO + N* + H s 
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It was formerly used to mix with glycerol trinitrate for the manufacture 
of nonfreezing dynamite. 

Glycerol trinitrate or propenyl trinitrate, commonly called “nitroglyc¬ 
erine” 65 - “°, was discovered in 1846 by Ascanio Sobrero, a professor at the 
University of Turin. Although he observed its explosive properties, his 
interest was in its medicinal value. It is a vasodilator and is now used in 
the treatment of angina pectoris and asthma. Its vapors cause severe and 
persistant headaches. When used as a medicine it Is sometimes known as 
glonin. Its use as an explosive was developed principally by Alfred B. 
Nobel. In 1867 he discovered that nitroglycerine can be absorbed on di- 
atomaceous earth to form an explosive much safer to handle than the 
liquid nitroglycerine. This he called dynamite. Diatomaceous earth is 
seldom used now. Instead, an active base, which will supply energy itself, 
is used; for example, a mixture of wood flour and sodium nitrate. Low- 
freezing dynamites are made by the addition of polyglycerol nitrate or 
glycol dinitrate to the nitroglycerine used in their manufacture. In 1875 
Nobel invented blasting gelatin, a plastic solution of from 7 to 10 per cent 
of nitrocellulose in nitroglycerine. 

Glycerol trinitrate is a colorless to pale yellow oil, .practically odorless 
at ordinary temperatures but with a faint and characteristic odor at 50°C. 
It is soluble in water to the extent of 0.18 g in 100 ml and also has limited 
solubility in ethyl alcohol, isopropyl alcohol and amyl alcohol, the degree 
of solubility depending upon temperature and freedom from water. At 
50°C or above complete miscibility with the alcohols is attained. At or¬ 
dinary temperatures it is completely miscible with methyl alcohol, acetone, 
ether, ethyl acetate, glacial acetic acid, benzene, toluene, nitrobenzene, 
phenol, chloroform, the homoglogous nitric esters and many other com¬ 
pounds. Sp. gr. 15 1.6009, sp. gr. 25 1.5910” 6 . 

Its vapor pressures are 57 : 

*C. 15 25 35 45 55 

Vapor pressure, mm Hg. 0.00130 0.00177 0.00459 0.01294 0.03587 

Glycerol trinitrate is volatile with steam, 5 cc distilling with 1 liter of 
water. When heated, it starts to decompose at 50-60°C. Decomposition 
increases with rising temperature and at about 145°C the liquid bubbles 
vigorously. At 281°C it explodes. There are two crystal forms of glycerol 
trinitrate; the stable form, dipyramidal rhombic crystals, melts at 13.2- 
13.5°C; the labile form, glassy appearing triclinic crystals, melts at 1.9r 
2.2°C. It supercools easily. 

Glycerol trinitrate in small amounts can be ignited and will burn with¬ 
out explosion. However, if the amount is large or the heat is confined so 
that a relatively high temperature is reached, it will explode. The tempera¬ 
ture required to cause an explosion will vary with the conditions of the 
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test. Temperatures from 180 to 222°C have been reported but 200-205°C 
is the temperature attained in the usual method of testing. Heat increases 
its sensitivity to shock. Frozen glycerol trinitrate requires about three 
times as great a shock to cause detonation as the liquid does. For explosive 
use detonation is obtained with blasting caps. 

Glycerol trinitrate may be formed by the nitration of glycerol with con¬ 
centrated nitric acid. 

CjH»(OH)j + 3HNO»?^ C»H*(ONOt)a + 3H,0 

The mono- and dinitric esters are formed as intermediate compounds and 
occur to some extent in the product. Nitration with only nitric acid is not 
practical because the water formed in the reaction has a strong tendency 
to reverse it and a great excess of acid is required to obtain a good yield. 
For example, 100 g of glycerol nitrated with 1000 g of 99 per cent nitric 
acid produced 207.2 g of glycerol trinitrate, a yield of only 84 per cent 
of the theoretical. The reaction may be greatly facilitated by the use of a 
strong dehydrating agent such as phosphorus pentoxide, anhydrous calcium 
nitrate or concentrated sulfuric acid. Of these, only the sulfuric acid is 
used commercially. The combination of nitric and sulfuric acids is known 
as “mixed acid” and has the approximate composition of 40 per cent nitric- 
acid, 59.5 per cent sulfuric acid and 0.5 per cent water. The precise com¬ 
position is varied as required by manufacturing conditions and relative costs 
of raw materials. Likewise, the proportion of glycerol to mixed acid may be 
varied somewhat, but a representative amount is 1 part of glycerol to 6 
parts of mixed acid. Nitration was originally done by a batch process, but 
continuous processes are now used. Glycerol is added to the acid in a small 
stream or spray and very rapidly mixed to avoid local overheating and 
danger of an explosion. The reaction is exothermic. The temperature of the 
mixture is not allowed to rise above 25°C and is preferably kept at a lower 
temperature. Below 12°C there is danger of the glycerol trinitrate freezing 
unless some diglycerol is used with the glycerol to give a low-freezing prod¬ 
uct, in which case temperatures as low as 5°C can be used. Low tempera¬ 
ture increases the yield by minimizing decomposition. Impurities such as 
chlorides, fatty acids, aldehydes and water cause local overheating during 
nitration and thereby increase the hazard of an explosion. After nitration, 
the spent acid is settled and separated. The glycerol trinitrate is washed 
first with water, then with sodium carbonate solution and finally with 
water until neutral. 

Diglycerol tetranitrate (“tetranitrodiglycerine”) is formed by the nitra¬ 
tion of diglycerol with mixed acid. It is very viscous, nonhygroscopic, insolu¬ 
ble in water, soluble in alcohol and ether. It is explosive and is sometimes 
added to nitroglycerine to produce a low-freezing mixture. Dinitrochloro- 
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hydrin and various glycol dinit rates arc also used to make nonfreezing 
dynamites. 

Glycerol Phosphorous Acid Esters. The a- or 0 -mnnophosphornus acid 
esters of glycerol, (C 3 H 7 O 2 )—O- -PfOIl)*, are formed l>y heating equi- 
moleeular quantities of glycerol and IlaPOj for ten hours at 15 mm and 
125°C 45 . The diphosphorous acid ester of gyeerol, ( 110 ) 21 *—<) - (C?*U*())— 
O—P(OH) 2 , results when the phosphorous acid ester, prepared from PCI# 
and glycerol in ether, is decomposed with cold water 46 . 

Glycerol Phosphoric Acid Esters. There is a large num!>er of theoretically 
possible esters of glycerol and phosphoric acid as a result of each molecule 
having three functional groups. A number of these esters have been iden¬ 
tified. However, the commonly used glycerol phosphoric acid is the simplest 
one, C 3 H 7 O 2 O—PO(OH)t. This has two isomeric forms. 


CH,—0—PO(OH)* 

I 

CH— OH 

I 

CH,—OH 

a-isomer 


CH,—OH 

I 

CH—O— PO(OH), 

I 

CH,—OH 

fi-isomer 


This, and more particularly its salts of ammonium, calcium, iron, potas¬ 
sium and sodium are used in pharmaceutical preparations and in soft 
drinks. Esters of glycerol phosphoric acid occur extensively in nature, 
especially in lecithin and the products of animal carbohydrate metabolism. 

Esterification of glycerol with phosphoric acid at 100°C under normal 
pressure produces mainly the a-isomer. If the glycerol is esterified by 
heating with sodium dihydrogen phosphate, the 0 -isomer is the principal 
product 15 • 196 The esterification with sodium dihydrogen phosphate can 
be accomplished at from 100 to 180°C and at normal or reduced pressure. 
Other alkali or alkaline earth salts may Ik* formed in a similar way or they 
may be formed by double decomposition reactions* 

The two isomers are interconvertible in acid solution but are stable in 
the presence of alkali. At pH 0.9 the a- and 0-isomers are in equilibrium 
when in the ratio of 87:13 l4 “ 4 . Disodium 0-glycerol phosphate crystal¬ 
lizes with 5 moles of water to form rectangular plates which melt at 98- 
1()0°C. Disodium a-glycerol phosphate is difficult to crystallize. It forms 
powdery crystals or rectangular leaflets and is extremely hygroscopic 196 . 
a-Glycerol phosphoric acid has two optically active forms; the tf-form 
(a] D 4-2.38°, the f-form [a] D -1.78° 194 . 

The proportion of a- and 0-isomers in a mixture can be estimated by 
treatment with periodic acid. This will quantitatively oxidize the a-isomer 

* For a review of the literature ami a discussion of the structure and solubility 
of salts of glycerol phosphoric acid; see G. Du Bois, Ind. and Eng. ( hem., 6, 122-128 
(1914). 
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and not affect the 0 -isomer"” “ ! M! . A similar oxidation of the a-isomer 

can be accomplished with lead tetraacetate”. OHOH- 

Crystals of the sodium salt of the pure a-isomer, GH.OH bHUH 
CH —P04Nar6Hi0, are hard and semitransparent. A saturated water 
solution at 20-24°C contains 63.5 per cent of the hydrated salt. Crystals 
of the sodium salt of the pure 0 -isomer, (CHtOH^CH—P0 4 NaroH*0, 
are friable and needle shaped; solubility, 45.5 per cent. Calcium salts of 
the two isomers may be prepared by treating the sodium salts with an 
excess of a solution of calcium acetate and adding alcohol to precipitate 
the calcium glycerol phosphate. The calcium o-glycerol phosphate pre¬ 
cipitated with alcohol contains 2 moles of water of crystallization but that 
crystallized from a supersaturated aqueous solution contains only 1 mole 
of water. A saturated solution of the monohydrate contains 1.71 per cent 
of the anhydrous salt but a saturated solution of the dihydrate contains 
4 3 pp r cent of the anhydrous salt when first prepared. However, after 
several weeks, the dihydrate in solution is coverted to the more stable 
monohydrate with a corresponding decrease in solubility. The dihydrate 
loses its water of crystallization at 140°C; the monohydrate at 150°C. 
Calcium 0 -glycerol phosphate forms only one hydrate, that containing 1 
mole of water. Its saturated solution contains 0.96 g of anhydrous salt per 


100 ml 308 . ., . . . 

Esters other than glycerol monophosphoric acid can be prepared by 

suitable changes in the temperature and concentration of the reactants. 
Glycerol phosphoric acids may also be prepared by the reaction of chloro- 
hydrins with di- or trisodium phosphate, glycerol with disodium phosphate, 
glycidol or epichlorohydrin with phosphoric acid or mono- or disodium 
phosphate, glycerol with phosphorus oxychloride, and by the oxidation ot 
allyl esters of phosphoric acid. 

Glycerol Ester of Arsenious Acid. The arsenious acid ester of glycerol, 
C 3 H 6 As0 3 , is prepared by heating glycerol and arsenic trioxide with stir¬ 
ring. Water is removed from the reaction mixture by azeotropic distillation 
with benzene, toluene or xylene* 48 . It may also be prepared by heating 
1 mole of arsenic trioxide with 2 moles of glycerol at 250°C 17 ' and from 
acetic-arsenious acid anhydride and glycerol* 50 . 

Glycerol Esters of Boric Acid. It has long been known that boric acid 
in water solution can be titrated with alkali, using phenolphthalein as the 
indicator, if a suitable “activator” such as glycerol or mannitol is added. 
This so-called “activation” is an increase in acidity brought about by the 
formation of an acidic complex molecule of undetermined structure. The 
glycerol-boric acid compound titrates as a monobasic acid. An excess of 
glycerol is required to make the titration quantitative with respect to 
boric acid 30 - 31 * 03 *^- 27 !. 

Glycerol and boric acid, heated together to expel water, form a triester. 
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This product is not volatile and is probably a polyester. A possible formula 
is: 



Glycerol-ar-monoalkyl ethers and boric acid produce volatile borates of the 
structure: 

CH,—O 

\ 

B—OH 

/ 

CH-O 

I 

CH,—O— It 


In reactions with glycerol, metaboric acid is the equivalent of orthoboric 
acid 264 . 

Borax, NajBiO?- 10H*O, added to glycerol in water solution becomes 
acid. The borax dissociates and the same glycerol-boric acid compound 
is formed that is obtained with glycerol and boric acid; two molecules are 
present as the sodium salt and two as the acid 74, m . 

Boric acid and sodium tetraborate both have the property of firmly 
combining with certain anion exchange resins. Glycerol will combine with 
these boric resins and in this way can be recovered from dilute solutions. 
It is reported that from 93 to 98 per cent of the glycerol can be removed 
from dilute solutions containing 1 to 10 per cent of glycerol. Treatment of 
the resin with acid will liberate the glycerol-boric acid complex 647 . 


Ethers 

Because of its three hydroxyl groups, glycerol can form mono-, di-, and 
triethers. These may be ethers of glycerol with itself (polyglycerols), or 
an inner ether (glycidol which is described on page 369) or mixed ethers 
of glycerol with other alcohols. 

Polyglycerols. For the commercial production of polyglycerol, glycerol 
is heated with an alkaline catalyst at a temperature between 200 and 275°C 
at either normal or reduced pressure. A stream of inert gas may be used to 
remove the water of reaction and improve the color of the product. There 
are many patents covering variations of these factors, but the essentials 
remain the same. The catalysts used are ordinarily sodium hydroxide or 
sodium acetate. A typical procedure is to add about 0.3 per cent of sodium 
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hydroxide to c.p. glycerol and heat to about 

water will begin to distill. The mixture is then heated slowly to 260-265 C 
and held at this temperature until the calculated amount of water has 
distilled. The time required for the removal of water will vary somcwha 
with conditions but 11 hours to produce diglycerol and 16 hours to produce 
triglycerol are illustrative. Such a product will contain a number of dif¬ 
ferent poly glycerols as well as unchanged glycerol, but it may be designated 
at diglycerol, triglycerol, etc., depending upon its average composition as 
indicated by its hydroxyl number or by the amount of water removed. 
During the heating of the glycerol, the course of the reaction may be fol¬ 
lowed by the increase in refractive index as well as by the amount of water 
removed In Table 8-1 are given some of the physical constants and the 
theoretical hydroxyl numbers for products having the indicated average 


•Table 8-1. Commercial Polyolycerols 


Material 

Viscosity Poises at 2$*C 

M 

Refractive 
index at 25*C 

Hydroxyl value* 
(Theoretical) 

Glycerol 

Diglycerol 

Triglycerol 

Tetraglycerol 

Pentaglyccrol 

Hexaglycerol 

9.5 

Approx. 70 
Approx. 110 
Over 150 

Over 150 

Over 150 

1.2620 

1.2803 

1.2860 

1.2882 

1.2893 

1.2900 

1.4730 

1.4837 

1.4893 

1.4921 

1.4942 

1.4950 

• * a 

1828 

1354 

1168 

1072 

1012 

971 

t _ 


• Hydroxyl value: Milligram, of KOH equivalent to the hydroxyl groups in one 


gram of sample. 

composition. These figures are for technical products, and so the physical 
data are subject to some variation with the source of the material. 

Polyglycerols occur in varying amounts in the residues, known as “foots,” 
which are obtained from the distillation of glycerol. These “foots” contain 
a large amount of salt, if from soap-lye crude, and also fatty acids and 
various unidentified substances. The polyglycerols can be extracted with 
solvents such as isopropyl alcohol, glycols, aldehydes or ketones 1 ® 1 • M6 . 
Esterification of the polyglycerols with fatty acids of more than four car¬ 
bon atoms renders them insoluble in water. Water soluble impurities are 
then washed away and the polyglycerols recovered by hydrolysis 263 . 

The polyglycerols range from viscous liquids to semisolids. They are 
soluble in water and in alcohol and are less hygroscopic than glycerol. 
They may be used as dressing agents for textiles, as softeners or plasticizers 
for adhesives and certain plastics, in cosmetics, in alkyd resins and ester 
gum, as moistening agents and as special lubricants. 

Polyglycerols prepared by heating glycerol with 2 per cent of sodium 
acetate under various conditions of time and temperature have been sepa- 
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rated by acetylation and distillation of the acetates 2 * 5 . The following pro¬ 
ducts were identified. All of them are viscous liquids. 

Diglycerol tetraacetute, b* 164-5°C 
Triglvcerol pentnacetate, bj 194-5°C 
Tetraglycerol hexaacetate, b* 224-5°C 
Pentaglycerol heptaacetate, b* 254-5°C 
Hexaglycerol octaacetate, b, 284-5°C 

Polyglycerols may also be separated by distillation of their allyl ethers 
or, preferably, their isopropylidene derivatives. Hydrolysis of the product 
regenerates the polyglycerol. The linear structure of the regenerated di¬ 
glycerol is proven by its susceptibility to periodate oxidation 338 . 

The lower polyglycerols may be directly separated by distillation if 
sufficiently low pressure is used 173 . A polyglycerol mixture prepared by 


Table 8-2. Physical Constants of Polyglycerols 



Glycerol 

Diglycerol 

Triglycerol 

Tetraglycerol 

15.p. 14-15 mm. 

170-175 # C 

265-270°C 

Decomp. 

Decomp. 

15.p. 2-3 mm. 

145-150°C| 

225-230°C 

265-275°C 

Dccomp. 

15.p. <1 mm. 

125-130°C' 

200-205°C 

240-245°C 

275-285°C 

Sp. gr. 20/20.. 


1.279 

1.2805 


Index of refraction 20°C. 


1.489 

1.493 


Surface tension, dynes/cm 20°C 


53 

43 


Viscosity, centipoises 50°C- 


731.6 

1518 


Mol. refraction, absolute.‘ 


37.46 

54.45 


Mol. refraction, calculated- 


37.48 

54.50 





heating glycerol with 5 per cent of sodium sulfate at 245°C in a stream of 
nitrogen until the refractive index of the product was 1.481 at 18°C, was 
distilled in vacuo. The distillable products are described in Table 8-2. 

The reaction of glycerol monochlorohydrin and sodium glyceroxide, 
which might be expected to produce a good yield of diglycerol gives sub¬ 
stantial amounts of higher poly glycerols, glycidol and regenerated 
glycerol 238 • 33 \ 

Diglycerol, b 6 235-240°C, is formed when equimolar amounts of glycidol 
and glycerol are heated for 0-7 hours on a water bath 238 . Treatment of 
calcium glyceroxide with carbon dioxide at 140°C with subsequent heating 
to 200°C results in the formation of diglycerol; b 3 225°C, n;,° 1.4890, d] Q 0 
1.2774, 98 per cent purity, 18 per cent yield 344 . 

Polyglycerols are also formed when glycerol is heated with a strong acid, 
notably in the preparation of glycerol dichlorohydrin if the temperature 
is too high. The heating of glycerol sulfuric acid esters also produces poly¬ 
glycerols. 

Triglycerol, synthesized by the hydroxylation of 0-a , 7 -diallylglycerol, 
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is apparently a mixture of stereoisomers. A crystalline isomer, m.p. 98J>»° C , 
is obtainable from an anhydrous n-butanol solution of the mixture . 

/ \ 

Epoxy Compounds. Ghjcidol. Glycidol or2,3-cpoxy-l -propanol, CH,—CH 
C'HiOH, is the inner ether of glycerol and may also beconsidred asa deriva¬ 
tive of ethylene oxide. The epoxy group is very reactive. Glycidol is a color¬ 
less liquid with a slightly sweet odor, G5-66°C, b, 41 C, d- 1.1143, 
ja 1.4302. It is soluble in ether, alcohol, water, acetone, chloroform ana 
benzene; slightly soluble in petroleum ether and xylene. When pure it is 
fairly stable toward water and absolute alcohol but the presence of acid 
greatly accelerates their reaction with the epoxide group. With water, 
glycerol is formed; with an alcohol, the corresponding a-glycerol ether is 
produced. This last reaction is a convenient method of preparing ethers 
including diglycerol. Glycidol when slowly added to a secondary alkyl 
amine reacts to form an a-glycerol dialkylaminc. With ammonia or a 
primary amine it also forms glycerol amines but mixtures arc obtained as 
more than one of the amine hydrogens may react. Impure glycidol poly¬ 
merizes t6 a viscous liquid after long standing. Pyridine and calcium chlo¬ 
ride cause it to polymerize with the evolution of heat. Glycidol may be 
identified as its phenylurethane, m 60°C, or its a-naphthylurethane, m.p. 
102°C 262, 2M . Glycidol will also react with an acid or with the anion in a 
salt solution to form an ester or a halohydrin of glycerol 42 . In the second 
reaction, the alkalinity of the solution is increased. Acid chlorides also 
add to glycidol and it has been shown that the epoxy ring can open on 
either side of the oxygen atom. As a result , isomeric products are obtained 280 . 


CO—Cl 



CH,—OH NOj 





An excess of the acid chloride will react with the remaining hydroxyl group. 

Glycidol may be prepared by the action of an alkaline reagent upon 
either a- or /3-glycerol monochlorohydrin. A study of this reaction by 
Rider and Hill 262 showed that the use of potassium hydroxide caused the 
formation of glycerol and sodium ethylate caused the formation of a-glye- 
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erol ethyl ether as by-products. Water in the reaction mixture also caused 
the formation of glycerol. These difficulties were avoided by using metallic 
sodium in ether. From the reaction of 0.7 mole of fine sodium wire with 
1.0 mole of monochlorohydrin in ether at 10-15°C, there was obtained after 
distillation a 90 per cent yield of glycidol. About 0.25 mole of monochloro¬ 
hydrin was recovered and the yield was based on the monochlorohydrin 
consumed. 

/-Glycidol prepared from d(.+)-acetone glycerol has the following prop¬ 
erties; b„ 56-56.5°C, 1.117, ni e 1.4293 [a] D + 15° 291 . 

Although the preparation of glycidol with the aid of sodium and ether 
gives the best yield, it is not always feasible to use these reagents. Mono¬ 
chlorohydrin and sodium hydroxide may be reacted in water solution at 
a temperature below 50°C and the product separated by extraction with 
ethyl ether and subsequent distillation. A yield of 45-50 per cent may be 
obtained 133 . 

A third method is to add sodium hydroxide (concentrated solution or 
solid) slowly to monochlorohydrin in a non-aqueous solvent such as iso¬ 
propanol or dioxane, at a temperature of about -5°C. After 30 minutes the 
reaction mixture is neutralized, salt filtered out and the product recovered 
by distillation. A yield of 85.5 per cent of theory is claimed 218 . 

O 

Epichlorohydrin: Epichlorohydrin, CH,-CH—CH*C1, is a colorless, 

mobile liquid with an odor somewhat like chloroform; bio 30-32°C, b 760 
115-117°C, m.p. — 25.6°C, sp. gr. l° 0 1.18, insoluble in water, soluble in all 
proportions in alcohol and ether. With water it forms a constant boiling 
mixture which distills at 88°C and contains 75 per cent of epichlorohydrin. 
At 25°C two layers separate which contain 98 per cent and 7 per cent of 
epichlorohydrin respectively 92 . The epoxy group will react in its char¬ 
acteristic ways, some of which have been discussed in the section on glyc¬ 
idol. The reactivity of the chlorine atom is similar to that in monochloro¬ 
hydrin. Epichlorohydrin may be prepared in a number of ways, all based 
upon the reaction of an alkaline substance with glycerol dichlorohydrin. A 
satisfactory and practical method is to mix dichlorohydrin in 5 per cent 
excess with lime in water. The reaction takes place at ordinary temperature 
and the product is distilled from the reaction mixture at reduced pressure. 
A yield of 75-80 per cent of theory may be obtained 37 . When made on a 
commercial scale, the epichlorohydrin is usually continuously distilled 
from the reaction mixture as it is formed 81 • 291 . 

O 

/ \ 

Epibromohydrin: Epibromohydrin, CH 2 —CH—CH*Br, is analogous to 
epichlorohydrin and is formed from glycerol dibromohydrin in a similar 
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manner, although the reaction goes more easily”. It distills at 61-62°C 
=0 mm or 134-136°C at normal pressure; sp. gr. II is 1.665. 

Mixed Ethers of Glycerol. Inner ethers and ethers of glycerol with itselt 
have been described above. The ethers of glycerol with alcohols and phenols 
are more numerous and varied in their properties. One, two or three of the 
elvcerol hydroxyls may be etherified. In addition to the structural isomers 
of the mono- and di-ethers in which only one kind of group is etherified 
with the glycerol, there are also structural isomers resulting from the dif¬ 
ferent arrangements of dissimilar groups that may occur in di- and triethers. 

The glycerol ethers are similar to other ethers in that they are chemically 
stable solubility in water is descreased and solubility in organic solvents is 
increased as compared to glycerol. In partial ethers of glycerol, one or two 
hydroxyls remaining unetherified, the compounds have both alcoholic and 
ethereal characteristics, the hydroxyl groups being available for the usual 
reactions of alcohols. 

The glycerol ethers have been useful in the proof of structure of glycerol 
derivatives because an ether group can be introduced by mild reagents, such 
as methyl iodide and silver oxide. After it is formed, the ether group is 
comparatively stable to chemical changes and structural rearrangement. 
Thus, a diglyceride can be methylated without migration of the acyl groups, 
the acyl groups removed by hydrolysis and the position of the original 
hydroxyl established by identification of the resulting ether. This procedure 
has also been used to prove the structure of glycerol acetals 160 and glycerol 
dichlorohydrin 154 . 

The glycerol ethers have not attained commercial importance although 
they may be used as solvents and plasticizers for cellulose derivatives and 
lacquers 89 - 227 • 299 as an ingredient of alkyd resins 181 - 188 • lM , as chemical 
intermediates in making detergents and surface-active agents 170 , and as 
perfume fixatives 275 . Certain of the a-ethers, particulary a-glycerol o-tolyl 
ether, have a curare-like action which causes muscular relaxation and 
paralysis 18 - 19 - 20 -*- 54 * 229 . 

Glycerol ethers of fatty alcohols occur in natural products. Certain 
fish-liver oils contain ether-esters of glycerol which are fatty acid di-esters 
of a-glycerol ethers of fatty alcohols. These ether-esters comprise about 21 
per cent of the original oil 9 . They are found less frequently and in smaller 
quantities in land-animal fats and vegetable oils, except that tung oil 
contains a considerable amount 192 . Saponification of the ester groups leaves 
the a-glycerol ether. The following natural ethers are known; a-glycerol 
octadecyl ether which is called batyl alcohol, a-glycerol oleyl ether which 
is called selachyl alcohol, and a-glycerol cetyl ether which is called chimyl 
alcohol 12 - 1 “ 

Some physical properties of a number of glycerol ethers are given in 
Table 8-3. 
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Table 8-3. Physical Properties of Some Glycerol Ethers 


Glycerol Ether 


B. p. rc/mm) 

%?■ 

u 

n D 

S °^ in 

g/ioo* 

soln 

Ref. 

a-Methyl 


136/40 

220/760 

1.111 

1.442 

00 

89, 91 

0-Methyl 


148/40 

1.124 

1.446 


84, 89, 



232/760 



1 

91 

a,0-Dimethyl 


100/40 

180/760 

1.016 

1.421 

Ejl 

89, 91 

a, y-Dimethyl 


88/40 

169/760 

1.004 

1.417 

00 

89, 91 

a,0,7-Trimethyl 


148/760 

0.937 

1.401 


89, 91 

a-Ethyl 


112-3/10 

220/760 

1.063 

1.441" 

mm 

89 

a ,7-Diethyl 


108-111/60 

0.953 

1.420 


89, 92 

a,0,7-Triethyl 


103-5/60 

181/760 

0.886 

1.407 

1.440'd 

10 

89 

a-, n-Propyl 


118-122/15 

1.074J* 


64a 

a, 7 -Di-n-propyl 


135-7/60 

218/760 

0.927 

1.424 

8 

89 

a.y-Di-isopropyl 


123-4/60 

199/760 

0.914 

1.418 

20 

89 

a-n-Butyl 


133-7/18 

0.945U 

1.446'd 


64a, b 

a-Isobutyl 


110-2/4 

0.991 

1.437 


141 

a-Isoamyl 


136-8/10 

254/760 

0.976 


1 

89 

a, 7 -Di-Uoamyl 


120-1/4 

265/760 

0.901 

1.431 

1 

89 

a-Phenyl 

54, 68 

150-5/4 




94 

0-Phenyl 

68 





50 

a, 7 -Diphenyl 

80-1 

287-8/760 




91, 299 

a-Benzyl 


164-6/2 

1.130 

1.530 

1 

88 

a, 7 -Dibenzyl 


198-204/2-3 

1.100 

1.517 

insol. 

90 

a-(o- Tolyl) 

60-70 





229 

a, 7 -(Di-o-tolyl) 


195-7/2 

1.111 

1.556 

insol. 

88 

a-(m-Tolyl) 

65 





349 

a, 7 -(Di-m-tolyl) 


205-7/2 

1.105 

1.558 

insol. 

88 

a-(p-Tolyl) 

73-4 





348 

a, 7 -(Di-p-tolyl) 

88 




insol. 

88 

a-(a-Naphthyl) 

91-2 




slight 

348 

a-(0-Naphthyl) 

100-10 




slight 

348 

a-Trityl 

93—4 

108-10 





144, 166 

«,0-Ditrityl 

170-1 





144, 166 

a,0,7-Tritrityl 

196-7 


0.923}*' 



166 

«-OIeyl (Selachyl ale.) 

17.6-11 

> 

‘ 1.471? 

1 

12 
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Glycerol ethers are formed by the reaction of glycerol chlorohydrins and 
an alcohol or phenol in the presence of an alkali. The chlorohydrin first 
reacts with the alkali to form an epoxy compound which then reacts with 
the alcohol or phenol to form the ether. The epoxy ring can be formed 
from either an a - or a /3-chlorohydrin but when the ring reacts to form an 
ether, the ether group always goes to the a-position. 

CH, 

\ 

CH,—Cl CH,-OH O 

I I / 

CH—OH or CH—Cl + NaOH —> CH + NaCl + H,0 

I I I 

CH,—OH CH,—OH CH,—OH 


CH, 

\ 

O 

/ 

CH + R—OH 

I 

CH,—OH 



CH,—OR 

I 

CH—OH 

I 

CH,—OH 


When a dichlorohydrin is used, two epoxy rings are successively formed 
and opened 83,85 * 92 and a diether is produced. 

When preparing glycerol ethers by the above method a large excess of 
alcohol is necessary for a large yield, but a large excess of alkali should be 
avoided. Optinum reaction temperatures vary with the alcohol or phenol 
used; for example, about 60°C with methyl alcohol, 70-75°C with n-butyl 
alcohol and 100-110°C with phenol. The reactions are exothermic. For the 
preparation of glycerol ethers, see the publications of Fairbourne, Gibson 
and Stephens 89, 91 • * M . 

An alternate method of preparing glycerol ethers is the reaction of sodium 
glyceroxide with an alkyl or aryl bromide or alkyl sulfate. Most of the 
chlorides are not reactive enough to be used. a-Glycerol ethyl ether can 
be prepared from sodium glyceroxide and ethyl bromide 59 . The chlorine of 
benzyl chloride is sufficiently reactive for this compound to be used in the 
preparation of glycerol benzyl ethers 60 61 . Glycerol methyl ether may be 
prepared from sodium glyceroxide and methyl sulfate. The mono-ether can 
be treated with sodium hydroxide and reacted with methyl sulfate to give 
glycerol dimethyl ether. Glycerol dimethyl ether will react with metallic 
sodium to form the sodium derivative. This in turn will react with methyl 
sulfate to form glycerol trimethyl ether. The a- and /3-isomers of the mono¬ 
methyl ether are formed in the ratio of approximately 85:15. The a,/3- 
and a,y-isomers of the dimethyl ether are formed in the ratio of about 
40:60. They may be separated by careful fractionation 89,9l . 

Glycerol ethers may be prepared from glycidol, epichlorohydrin or a 
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glycidol ether by treatment with an alcohol or phenol. The reaction is 
catalyzed by either acid or alkali 34 - 92 • 205 • 217 . The chlorine of the ether 
from epichlorohydrin can be removed by hydrolysis, leaving a simple 
a-glycerol ether; or it can be caused to react with a sodium alcoholate or 
phenate to give an a, 7 -glycerol diether. Glycerol diethers may also be 
prepared from glycerol dichlorohydrins and sodium alcoholates in a manner 
similar to that for the preparation of glycerol monoethers from glycerol 
monochlorohydrin. Sulfuric acid 118 and tin tetrahalides alone or in alcohol 
or ether complexes 220 have been used to catalyze the addition of alcohols 
to epichlorohydrin. The reaction of phenol with epichlorophydrin is cata¬ 
lyzed by boron tetrafluoride in benzene solution 200 - 202 . 

Sulfur Compounds 

Sulfur can replace one or more of the oxygen atoms of glycerol to form 
a series of sulfur analogues, the thioglycerols. The sulfhydryl groups in 
these compounds are much more reactive than the corresponding hydroxyl 
groups. They are easily oxidized and are subject to condensation reactions 
which form glycerol sulfides or thioethers, analogous to the poly glycerols. 
They also form sulfides by reaction with glycidol or epichlorohydrin. 
Epichlorhydrin and hydrogen sulfide in alkaline solution give thioglycerol 
chlorohydrin, HS—CH*—CHOH—CHr—Cl, at 0°C and glycerol sulfide, 

S—CHt—CHOH—CH j, at 50°C. The thioglycerols easily form salts with 
bases. 

a-Thioglycerol, HS—CHr—CHOH—CH 2 OH, is a colorless, viscous 
liquid with only a slight odor when pure. It is soluble in water in all pro¬ 
portions, easily soluble in alcohol and acetone, slightly soluble in ether and 
benzene, b 3 112°C, n? 1.5268, dj° 1.2455 282 . It may be prepared from 
glycerol monochlorohydrin and a 10 per cent excess of potassium hydro¬ 
sulfide, or a 25 per cent excess of sodium hydrosulfide, in alcohol heated 
to 70°C for 8 hours in a pressure vessel. The reaction mixture is cooled and 
neutralized with hydrochloric acid, salt filtered out and the filtrate distilled 
at low pressure. Unreacted monochlorohydrin will cause decomposition of 
the product during distillation. The yield is about 65 per cent of theory 10 - *° 2 . 
It may also be produced by the following series of reactions 290 . 

CH,-CH—CH,—Cl 

I I 

o o 

2 \ / +K,S,— 

C 

/ \ 

CH, CH, 

(CH.OH— CHOH—CH.—S—). 2CH.OH—CHOH—CH,—SH 
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A third method of preparation is by the reaction of glycidol and hydrogen 
sulfide in the presence of barium hydroxide 290 . Dithioglycerol and trithio- 
glycerol may be prepared from sodium hydrosulfide and glycerol di- or 
trichlorohydrin, respectively 259 . 

a-Thioglycerol has been proposed as a wound-healing substance • . 

a ^-Dithioglycerol (2,3-dimercaptopropanol) is known as BAD or British 
Anti-Lewisite from its use to counteract the effects of the war-gas, Lewisite. 
It is also effective against arsenic poisoning from other sources and has 
been used to treat toxic reactions due to the administration of gold, lead, 
bismuth, cadmium, zinc and tellurium compounds. It is unstable to heat 
and acids. One per cent of ammonia will stabilize it during vacuum dis¬ 
tillation 329 . 

Glycerol Amines 

Glycerol amines are formed by the replacement of one or more of the 
hydroxyls by amine groups. They arc basic compounds, generally water 
soluble and hygroscopic. Aqueous solutions of the a, /3-glycerol diamine 
have been used for the absorption of acid gases such as carbon dioxide and 
sulfur dioxide 132 . With fatty acids they form soaps that are soluble in 
organic solvents 90 . The glycerol mono- and diamines arc readily made from 
the corresponding chlorohydrins or bromohydrins The "glycerol triamine” 
or 1 , 2 , 3 -triamino propane is usually prepared from non-glycerol origins 
and so will not be considered here. 

When a glycerol halohydrin and ammonia react, it is possible for a num¬ 
ber of products to be formed. Each of the ammonia hydrogens can react, 
so mono-, di-, and triglycerol amines may be formed. If a dihalohydrin is 
used, the number of possible products is increased by the opportunity for 
the formation of long-chain molecules and cross-linkages. Insufficient am¬ 
monia favors the formation of such complex products. They are non-volatile 
and vary from viscous liquids to more or less solid materials 204 . 

For the preparation of the simple glycerol amines a large excess of am¬ 
monia is required. To prepare a-glycerol amine, a-glycerol chlorohydrin 
is mixed with 30 moles of ammonia (aqeuous ammonia, 13 per cent con¬ 
centration). About 80 per cent of the water is then distilled off and the 
theoretical amount of sodium hydroxide required to liberate the base is 
added. The mixture is concentrated by boiling until the temperature reaches 
110°C. Precipitated salt is removed and the crude product distilled; yield 
74 per cent of thory, b 4 137°C, n? 1.4948 10 . a, 7 -Glycerol diamine can be 
prepared similarily from a , 7 -glycerol dichlorohydrin and the formation of 
complex amines is suppressed by the addition of ammonium chloride to 
the reaction mixture and by the use of methanol or ethyl alcohol as a sol¬ 
vent for the dichlorohydrin 132 . The reaction may also be made under moder¬ 
ate pressure 32 , a, 7 -Glycerol diamine can also be formed from epichlorohy- 
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drin. a, 7 -Glycerol diamine forms white needle crystals, m.p. 42°C, bi 121°C, 
byeo 235°C. Primary and secondary amines also react with glycerol halo- 
hydrins 8 - 189 • Glycerol sulfuric acid esters may be used instead of the 
chlorohydrins, but it is necessary to use higher reaction temperature 
and therefore increased pressure. The product will contain both mono- 
and diamines, corresponding to the composition of the glycerol sulfuric acid 
(see page 358). The reaction is accomplished by heating the glycerol sulfu¬ 
ric acid with a large excess (about 20 moles) of aqueous ammonia at 100 °C 
for 30-60 minutes in a pressure vessel 10 . 

Primary and secondary alkanol amines having amine or hydroxyl groups 
on adjacent carbon atoms are quantitatively oxidized by potassium peri¬ 
odate in a manner similar to the oxidation of a, 0-glycols 177 (see Periodate 
Oxidation, page 206). 

a-Glycerol amine can be prepared from glycidol and ammonia. Glycidol 
ethers and ammonia will form glycerol amine-ethers 83 . 

Glycerol Acetals 

The acetals* of glycerol, formed by the condensation of glycerol with 
aldehydes and ketones, are heterocyclic compounds that show structural, 
geometric and optical isomerism. They are formed by the condensation of 
two hydroxyls of a glycerol molecule with the carbonyl group of an alde¬ 
hyde or ketone. The reaction is catalyzed by acid and is an equilibrium 
reaction, sensitive to the presence of water. 


CH a —OH R 

I / 

CH—OH + 0=C 

I \ 

CH a —OH R' 

CH a —0 R 

I \ / 

CH—OH C + H a O 

I / \ 

CH a —0 R' 

(ED 

Formulas (1) and (II) contain 5- and 6 -membered rings, respectively, 

• Although the name acetal is commonly applied to all compounds of this class, 
it is sometimes used to designate the derivatives of aldehydes only. In such cases the 
name ketal is us#d to designate the derivatives of ketones. 


Acid 


CHj-0 R 

\ / 

C 

/ \ 

R' 


-> CH—0 

" I 

CH 


OH 


(D 


or 
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and show the structural isomerism possible in this group of compounds. 
This isomerism has been very thoroughly studied by Hill and Hibbert 146 * u7> 
im. is 8 . is®. >60. The structure of the acetals was proved by methylating the 
remaining hydroxyl group, hydrolyzing the acetal group and identifying 
the remaining a- or /3-glycerol monomethyl ether. Both forms (I and II) 
are usually obtained and the 5-membered ring is usually formed in the 
greater amount. The proportions of the two isomers differ with different 
compounds and with the conditions of the reaction, e.g. t acid concentration. 
Each is convertible into the other in the presence of even a small amount 
of acid, the conversion being an equilibrium reaction 1 **. 

Temperature plays an important role in determining the ratio of isomeric 
acetals formed. It is believed that ring fission occurs under the influence of 
the acid catalyst and that the reaction then goes on to an equilibrium 
which is dependent on the temperature. Higher temperatures favor forma¬ 
tion of the 5-membered ring and lower temperatures favor formation of the 
6 -membered ring 316 . 

The condensation of acetone with glycerol, by refluxing with a neutral 
(anhydrous copper sulfate) or acid catalyst is an exception to the above 
generalization in that only the 5-mcmbered ring, or a,/3-isopropylidenc 
glycerol is formed 140 - IM . 

Geometric isomerism occurs in the acetals, except in certain ones, such 
as methylidene glycerol, which lack the necessaiy asymmetry. This is 
shown in the following structural formulas of compounds having 5-mem¬ 
bered rings. Compounds with 6 -membered rings are analogous. 


II 

H 

H 

C—0 

C—0 

c —0 

ll/ll \H 

H/H \R 

H/H \R # 

C 

C 

C C 

\/ H 

\/ H ' 

IX/" 

CII 2 0 

CH, O 

1 

OH 

CHj O 

1 

OH 

1 

OH 

a,p-Methylidene 

Geometric 


glycerol isomers 


The two geometric isomers of each of the structural isomers of p-nitro- 
benzylidene glycerol were isolated by Ilibbert and Sturrock 154 but their 
configuration was not established. The geometric isomers of a, 7 -ben- 
zylidene glycerol were separated by Verkade and van Roon 323 . 

Acetals with the 5-membered ring have asymmetric carbon atoms, in¬ 
dicated by asterisks in the formulas below, and theoretically can form 
optical isomers. However, such isomers have not yet been isolated. The 
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6 -membered ring structure, being symmetrical, cannot form optical iso- 
mers 14 *. 

II 


H I 

c—o c-o 


H/H 

C 

\R 

c* 

T /i 

\l 

\ 

\ 


c 

l\ H 

c 

/I 

CH, 0 

1 

X 

o 

/ 

)— 

/ K' 

OH 


1 

— o 


5-membered ring 6-membered ring 

The acetals hydrolyze easily in the presence of acid but are stable with 
bases. They will hydrolyze at higher temperatures without the aid of acid. 

The principal method of preparing glycerol acetals is by the condensation 
of glycerol with an aldehyde or ketone in the presence of an acid or an 
acid salt. If the carbonyl compound is relatively cheap as compared with 
glycerol, or may be easily recovered, it is ordinarily used in large excess, 
as much as 4 or 5 moles to 1 mole of glycerol. Various acids and acid salts 
have been tried as catalysts. Hydrochloric or sulfuric acid is frequently 
used, the amount being in the order of 1 per cent or less, based on the 
glycerol. It is advantageous to remove the water formed by the reaction. 
If the reactants are sufficiently high-boiling, the water may be distilled 
out continuously, or azeotropic distillation may be used 76 - 164 • M3 . 

Glycerol (and other alcohols) can be converted into acetals by com¬ 
bination with vinyl ethers, preferably in the presence of an acid catalyst 
and in a solvent such as ether or chloroform 176 . 

• * 

CiH»(OH)j + R—0—CH=CH, C,H*(OH),—O H 

\ / 

C 

/ \ 

R—0 CH, 

These are mixed acetals and only one of the glycerol hydroxyls has reacted. 
Ethylidene glycerol can be prepared by the condensation of acetylene with 
glycerol in the presence of mercuric sulfate and sulfuric acid 65 - 1688 • 235 • m . 
Anhydrous salts, such as copper sulfate, as catalysts give the advantage of 
a neutral reaction medium but act more slowly than acid catalysts 160 . 
Itapid reaction and high yield are claimed when phosphorus pentoxide is 
used as the catalyst for the condensation of acetone with glycerol 288 . 

The ease with which acetals are formed is influenced by the polar char- 
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acter of the carbonyl group. As it becomes more negative, the ease of for¬ 
mation and the stability of the intermediate product, a hemiacetal, in¬ 
creases but the completion of the reaction with closure of the ring becomes 
more difficult 149 - 3 “ 


CH,- 


O- 


/ 

1 

I 


R 


R' 


CH— 0|H HO 


CH,—OH 


Incrcuse in case of hemiacetal formation 


(CII,)jCCHO, (CHj)*CHCHO, CHjCHjCHO, CHjCHO, ClIjClCIIO, 

CHCUCHO.CCbCHO 


Increase in ease of cyclic acetal formation 


The hydroxyl group of a glycerol acetal can be methylated with methyl 
iodide and silver oxide, or esterified with an acid chloride in pyridine, 
without altering the acetal structure. Hydrolysis of the acetal group then 
leaves a monosubstituted glycerol ether or ester of known structural re¬ 
lationship to the acetal. Conversely, acetals can be prepared from mono¬ 
substituted glycerol derivatives. These reactions are useful in establishing 
the structure of many glycerol derivatives. 

The physical properties of some of the acetals of glycerol are given in 
Table 8-4. Only structural isomerism is considered here. 


Dehydration and Pyrolysis of Glycerol 

Dehydration of glycerol may form a number of products but the prin¬ 
cipal one is acrolein. Its formation is indicated by the equation 

CHjOII—CHOH—CH-OH 1 > CH-=CH—CHO + 2H,0 

This reaction is the basis of several qualitative tests for glycerol (see page 
171). Acrolein can be prepared in 33-48 per cent yield in the laboratory 
by heating glycerol with potassium acid sulfate 5 . Magnesium sulfate has 
also been used 82 * 339 • 342 . Acrolein and aldehyde condensation products are 
formed when glycerol vapors are passed over alumina at 3G0°C. At 330°C 
finely divided copper causes glycerol to decompose to acrolein, allyl al¬ 
cohol, ethyl alcohol, hydrogen and small amounts of carbon monoxide and 
methane. Glycerol vapor on uranium dioxide at 350°C gives 10 per cent 
acrolein, 35 per cent ethyl alcohol and some water and allyl alcohol 208 . 
Alkali phosphates have also been used for the vapor phase production of 
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acrolein at 300-600°C 278 . Glycerol distilled with 5 per cent of infusorial 
silica produces acrolein" 0 . There is considerable decomposition of glycerol 
at 430—450°C in a pumice-filled tube. The products include formaldehyde, 
acetaldehyde, acrolein and their glycerol addition products, hydroxyace- 
tone, acetol and graphite 166 . 

Glycerol is fermented to acrolein by B. amaracrylus , the organism which 
causes bitterness in wines. Hydracrylic aldehyde is an intermediate prod¬ 
uct 326 . 

Compounds with Bases and Salts 

Glycerol reacts readily with alkalies, alkaline earths and some metallic 
oxides to form glyceroxides which are analogous to the alcoholates. These 
compounds, generally, are stable in the presence of alkali or an excess of 
the base, but are readily hydrolyzed by water. They are decomposed by 
acids. Lead glyceroxide, formed from litharge and glycerol, is relatively 
insoluble and stable. It forms a very useful cement. 

Either an a - or a /3-hydroxyl group may react but the former reacts more 
readily, as is indicated by the 85:15 ratio of a- and /3-methyl ethers ob¬ 
tained from monosodium glyceroxide and methyl sulfate 01 . 

Sodium glyceroxide is a white crystalline solid, lumpy or granular in ap¬ 
pearance as it is usually obtained. It is soluble in hot ethyl alcohol from 
which it crystallizes with one mole of alcohol. This combined alcohol can 
be removed by heating for 5 hours at 100°C and 25-mm pressure 06 . Similar 
molecular compounds are formed with other monohydric alcohols." 3 

Sodium glyceroxide is easily prepared by heating and stirring together 
equimolar quantities of powdered sodium hydroxide and glycerol. The prod¬ 
uct sets to a solid mass. If an excess of glycerol is used in the preparation, 
the product is obtained as a slurry and is much easier to handle than the 
solid mass. The reaction is exothermic and becomes very rapid at tempera¬ 
tures above about 140°C. External heat is required to remove the last of 
the water formed and force the reaction to completion. 

CHjOH—CHOH—CHjOH 4- NaOH -> Na— O—CHr-CHOH—CHjOH + II 2 0. 

Sodium glyceroxide does not melt but decomposes at 235°C 60 . Reduced 
pressure may be used to aid the dehydration 210 . Sodium glyceroxide can 
also be prepared from glycerol and a slight excess of metallic sodium in 
absolute ethyl alcohol" 1 • 201 and from glycerol and metallic sodium in 
liquid ammonia 273 . The heat of reaction of sodium with glycerol is +45 
calories in the liquid state" 6 . 

Potassium glyceroxide is prepared like sodium glyceroxide and has similar 
properties" 2 . 

Disodium glyceroxide may be prepared from monosodoum glyceroxide 
and one equivalent of sodium ethylate, or from glycerol and two moles of 
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sodium hydroxide in ethyl alcohol. The formation of the disodium com¬ 
pound is complete only at high temperature. Therefore, it is necessary to 
heat the reaction mixture in a stream of hydrogen to drive off alcohol and 
then continue heating to 180-190°C. There is some decomposition of the 
product at this temperature. It is more difficult to form dipotassium glycer- 
oxide because the alcohol is not all removed from the reaction mixture at 
180-190°C U4 . 

Trisodium glyceroxide may be prepared by adding one equivalent of 
monosodium glyceroxide to two equivalents of sodium ethylate in absolute 
alcohol and then heating in a current of hydrogen, first to 110-120°C, 
finally to 180-190°C ,,S . 

Sodium glyceroxides react with aryl and alkyl bromides and the more 
reactive chlorides to form glycerol ethers (see page 373). They also react 
with acid chlorides to form esters. Triesters of glycerol can be obtained by 
treating either mono- or disodium glyceroxide suspended in an inert solvent 
with certain acid chlorides 87 . 

3C,H*(OH),ONa + 3C.H v SO,CI - C,H*(SO,C.H,), + 2C,II.(OH), + 3NnCI 

3C,H»OH(ONft), + 60.11*80,Cl - 2C,H,(S0,C.H,), + 0,11.(011), + 6NnCl 

A possible explanation of the formation of triesters is that there is ester 
interchange catalyzed by the glyceroxide. 

When glycerol is heated to a high temperature with sodium or potas¬ 
sium hydroxides, decomposition occurs. A large number of products have 
been identified (see page 340). 

With calcium oxide and calcium hydroxide, glycerol can form a series of 
calcium glyceroxides 1 ”. Their interrelationship is shown in the following 
diagram. 


(I) (II) 



On continued heating of the solution of (I) in glycerol, the a.a'-ealcium 
diglyceroxide is precipitated (II). At higher temperatures this changes 
into calcium glyceroxide, (III). The (II) compound is deliquescent and is 
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decomposed with moist carbon dioxide. The formation of (I) stops when 
more than 31 per cent of water is present. The formation of (II) from cal¬ 
cium hydroxide with an excess of glycerol is complete in 15 hours at 100°C. 

Glycerol in aqueous solution is decomposed by alkali at high tempera¬ 
ture and pressure; conditions which are encountered in the high tempera¬ 
ture—high speed process of soap making. At 550°F (288°C) there is about 
4 per cent destruction of glycerol in a 7 minute period for each per cent of 
sodium hydroxide in the solution; the glycerol concentration being 20 per 
cent. Loss of glycerol in the presence of sodium carbonate is only about 
one-tenth as great as with sodium hydroxide. Destruction is proportional 
to time and doubles for each 25°F increase in temperature. Substitution 
of nitrogen for air in the system reduces the loss of glycerol 222 . 

Several methods for the determination of free lime are based upon the 
formation of calcium glyceroxide, which is soluble in both glycerol and 
glycerol-alcohol mixtures. The calcium is determined in the solution by 
titration, c.g., with ammonium oxalate and phenolphthalein n * 80 . 

Calcium oxalate can be precipitated in the presence of magnesium if 
glycerol is present. The glycerol prevents the precipitation of more than 
traces of magnesium oxalate 33 *. 

Glycerol forms molecular addition compounds with the alkaline earth 
hydroxides and many of their salts' 35 • ,3 *. Triglycerol calcium hydroxide, 
Ca(OH)a’C3H$(OH)j, is formed from glycerol and freshly precipitated 
calcium hydroxide. It forms yellowish-white crystals which absorb water 
and carbon dioxide rapidly. It has an alkaline reaction in water, methyl alco¬ 
hol and ethyl alcohol. Triglycerol barium hydroxide, Ba(OH)2-3C 3 H 6 (OH) 3 , 
is prepared from glycerol and Ba(OH)i-8HtO in an atmosphere free 
of carbon dioxide. After dehydration it is obtained as small, white and 
very hygroscopic crystals by crystallization from methanol and acetone. 
Triglvcerol strontium hydroxide, Sr(OH)2-3C 3 H5(OH) 3 , is prepared sim¬ 
ilarly and forms spherical aggregates of white crystals. Diglycerol calcium 
hydroxide monohydrate, Ca(OH)i* HjO -2CiH|(OH)a is prepared from 
calcium hydroxide, water and glycerol. It forms small pale yellow crys¬ 
tals. One mole of glycerol is released at 150°C but the remaining glyc¬ 
erol and water are held to a higher temperature. Triglycerol calcium chlo¬ 
ride, CaGV3C 3 IU(OH) 3 Is formed from glycerol and CaCl2-6H 2 0. It 
forms colorless, transparent cubical crystals, m.p. 76°C, which are very 
hygroscopic. Tetraglycerol calcium nitrate, Ca(N0 3 )2*4C 3 Il5(0H) 3 is pre¬ 
pared from glycerol and Ca(X0 3 ) 2 -4H 2 0. It forms colorless, well-developed 
crystals, m.p. 72°C. Similar compounds are formed with the sulfates of copper, 
cobalt, nickel and zinc. a-Glycerol methyl ether forms the compound, 
CoS(> 4 • 2C 3 H*(()II) 2 (()Me). Liquid compounds of constant composition 
have also been reported; namely, IhiCl2-2H 2 0-7C 3 II&(0H) 3 , SrCl2-7C 3 H 6 - 
(OII) 3 and Sr(N0 3 )2-8C 3 H,(0H) 3 . 
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Many metals in addition to those of the alkali and alkaline earth groups 
form compounds with glycerol. Most of these compounds are soluble in 
water or alkaline solution and so provide a means of making alkaline solu¬ 
tions of the metals. The amount of cupric hydroxide which will dissolve in 
alkaline glycerol increases with the concentration of alkali 311 . 

CjH 6 (OH)j + NaOH ;=? C,H fc (OH),ONa + H,0 
This in turn reacts with cupric hydroxide. 

2C,II i (OH) 1 ONa + Cu(OH), ^ lC,H fc (OH) s O),Cu -f 2NaOH 

Thus, glycerol can be substituted for sodium-potassium tartrate in Fehling’s 
solution 293 . Sulfuric acid can l>e titrated with alkali in the presence of 
metals such as cobalt, nickel, copper and zinc if glycerol is added to pre¬ 
vent formation of a precipitate which would interfere with the end point 326 . 
On the other hand, formation of an insoluble compound provides a means 
of separating glycerol from a solution. Zirconium glycerate, formed in 
alkaline solution may be so used* 31 . Complex compounds containing two 
such metals as barium, strontium, calcium, iron, aluminum, chromium, 
antimony or bismuth may be prepared from glycerol, alkali and the ap¬ 
propriate metal salts 3 * 2 • 3,3 • 3U . 

When a solution of a copper salt, excepting cupric chloride, in glycerol 
is heated to 150-200°C, a vigorous reaction occurs and finely divided me¬ 
tallic copper is produced. The copper is suitable for use as a catalyst. With 
cupric chloride, crystalline cuprous chloride is produced 320 . 

Glycerol reacts with litharge to form lead glyceroxide. 

C,H»(OH), + PbO — C|H fc (OII)OiPb + H,0 

The reaction is exothermic. Although amorphous at first, the compound 
soon changes to minute fibrous crystals which radiate from the particles 
of unreacted litharge and bind the whole into a very hard mass 226, 237 . 
This composition is widely used and is known as litharge-glycerol cement. 
It is only veiy slightly affected by water and is resistant to acids, bases and 
many organic liquids. It is not affected by heat up to 260° and is gas tight 
at pressures below 6-8 atmospheres 348 . The proportions of litharge and 
glycerol are not critical, the mixture being prepared to have a suitable 
consistency for use. From 2 to 3 moles of glycerol per mole of litharge will 
cover a useful range of consistency. Made with anhydrous glycerol, the 
hardening is relatively slow but the addition of 10-15 per cent of water to 
the glycerol causes the cement to set in 20-30 minutes. Maximum hardness 
should be attained in 20 hours 396 . Small particle size and freshness of the 
litharge (freedom from carbonate) increase the rate of hardening. Acids 
and acidic salts retard hardening. Alkalies and alkaline salts accelerate 
hardening 193 • 232 . 

When finely ground, lead glyceroxide can be completely hydrolyzed in 
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boiling water. Lead glyceroxidc heated to decomposition yields metallic 
lead and oxidation products of glycerol. If the heating is done in the ab¬ 
sence of air and the temperature is kept below the melting point of lead, 
the lead will be pyrophoric 232 . 

The reaction of glycerol with litharge is used in a method for quantita¬ 
tively determining glycerol in a mixture of polyhydroxy compounds. 


Miscellaneous 

Pyrene and glycerol condense easily in the presence of sulfuric acid to 
give C 19 II 10 O. The glycerol is first dehydrated to acrolein and this in turn 
reacts with the pyrene 274 . 



Similar condensations have been accomplished with other aromatic com¬ 
pounds. 

When I- or 2-aminoanthraquinone reacts with glycerol and sulfuric acid, 
2,3-pyridinoanthraquinone is formed; yellow needles from aniline, m.p. 
322°C. 


O 

C 



Anthranol, glycerol and sulfuric acid at 120°C, or anthraquinone, glycerol 
and aniline sulfate at 100°C, give benzanthrone 16 . 


0=0 
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When 8 g of dried starch in 60 g of glycerol are heated to 180°C, potato 
starch gives a clear solution in 4 hours, wheat starch in 16 hours and rice 
starch is insoluble 518 . A starch-glycerol jelly used in pharmaceutical prep¬ 
arations is described in the “U. S. Pharmacopoeia” as “Starch Glycerite.” 
It has the composition; starch 100 g, benzoic acid 2 g, distilled water 200 
cc and glycerol 700 cc, and is prepared by heating the thoroughly mixed 
ingredients to 140-144°C until a translucent jelly is obtained 249 . 

Glycerol labeled with isotopic carbon has been prepared in two ways. 
Doerschuk 71 added HC ,4 N to hydroxyacetaldehyde, followed by hydrolysis, 
esterification, acetylation and reduction. This produced glycerol labeled 
in the a position. Schlenk and Wallace 272 started with formaldehyde and 
nitromethane, both of which were available with C 14 . 


2CHjO + CHjNOi -> CHtOH—CH(NOj)—CHtOH 


reduce 


CHtOH—CH(NHt)—CHtOH 


esterify 


C»H„CO,—CHt—CH(NHt)—CH*—COtC»Hu 
CsIIiiCOt—CH,—CHOH—CH*—COtC$H„ 


diazotizc 


sa ponify 


CH,OH—CIIOII—CIItOH 


If C I4 H*0 is used, the glycerol will be labeled in the two a positions. If 
C 14 H 3 N0 2 is used, it will be labeled in the 0 position. An overall yield of 
28 per cent was obtained, based on the nitromethane. 
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9 . BIOCHEMICAL USE OF GLYCEROL 

C. H. Werkman 
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Introduction 

Glycerol is an important nutrient for bacteria, yeasts and molds; it 
and its phosphorylatcd derivatives play a cardinal role in the intermediary 
metabolism of carbohydrates. When metabolized by bacteria, yeasts or 
molds, glycerol yields products of industrial importance. In relatively 
high concentration, glycerol finds use as a germicide. These points of im¬ 
portance in the biochemical role of glycerol will be discussed in order. 

Glycerol as a Nutrient for Microorganisms 

Glycerol serves as a carbon and energy source for many microorganisms. 
It may be used under both anaerobic and aerobic conditions of growth, 
depending upon the nature of the microorganism and the conditions of 
growth. Apparently, it is first phosphorylatcd before it is dissimilatcd. 

Many well-known species of microorganisms utilize glycerol: Aerobacter 
aerogcnes, Escherichia coli, species of Propionibacterium , Clostridium , Bacil¬ 
lus, and Acelobacter , to mention only a few. Some genera of molds utilizing 
glycerol are: Aspergillus , Penicillium and Citromyces. Yeasts also utilize 
glycerol, especially under aerobic conditions. The use of glycerol in media 
enhances the growth of a number of bacteria and for this reason, it is an 
important constituent of numerous media, such as Petroff’s, Conradi’s 
bile medium for typhoid blood cultures, Bordet-Gengou’s medium for the 
whooping cough bacillus, Long’s medium, Saubouraud’s, and many basal 
media. (Cf. “A Compilation of Culture Media for the Cultivation of 
Microorganisms,” by Levine and Schoenlein, which lists over 200 references 
to the use of glycerol in media 19 . 

Glycerol is used by the bacteriologist in differentiating and identifying 
species of bacteria by their ability to attack it with the production of 
acid or acid and gas. 

Glycerol is especially useful in the cultivation of Hemophilus pertussis 
(whooping cough), and Microbacterium tuberculosis. Its inclusion in syn¬ 
thetic media appreciably increases oxygen uptake 5 . 
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Biochemical Products 


Bacterial fermentation of glycerol yields numerous products: propionic 
acid (all species of Propionibacterium), butyl alcohol ( Clostridium accto- 
butylicum , Clostridium bulylicum ), dihydroxyacetone ( Acetobacter ), butyric 
acid ( Clostridium butyricum), trimethyleneglycol (Escherichia freundii, A. 
acrogcnes), lactic acid (A. acrogenes), succinic acid ( Escherichia , Aerobacter) } 
2,3-butyleneglycol (A. aerogenes). 

The dissimilation of glucose by microorganisms 12 leads to the formation 
of phosphorylated glycerol intermediates of the Meyerhof scheme of gly¬ 
colysis. 3-, and 1,3-phosphoglyceraldehyde are formed in the dissimilation 
of 1 , 6 -fructose diphosphate, which is formed by the organism from glucose. 
Oxidation of the aldehyde yields 1 ,3-phosphoglyceric acid, which by the 
loss of the 1-phosphate group yields 3-phosphoglyceric acid. The oxidation 
of the glyceraldehyde phosphate to the acid is accompanied by a simul¬ 
taneous reduction of a second molecule of glyceraldehyde phosphate to 
a-glycerophosphate. When stronger acceptors of hydrogen are absent, 
considerable quantities of the glyceraldehyde phosphate are hydrolyzed 
and the aldehyde reduced to glycerol. After fermentation is initiated, how¬ 
ever, considerable quantities of stronger acceptors are present, e.g., acet¬ 
aldehyde, pyruvic acid, which successfully compete with the glyceraldehyde 
for the hydrogen. This accounts for the relatively small quantities of 
glycerol formed during fermentation. The normal hydrogen acceptors may 
be bound by fixatives, e.g., bisulfite, and practical advantage is taken of 
this behavior to fix the intermediately formed acetaldehyde in the fer¬ 
mentation of sugar by yeast; as a result, no appreciable quantities of ethanol 
are formed and instead the reduction of phosphoglyceraldehyde to a- 
glycerophosphate occurs; the latter is hydrolyzed to phosphoric acid and 
glycerol. As high as 30 per cent of the sugar fermented may be converted 
into glycerol by this process. 

Many species of bacteria form small to appreciable quantities of glycerol 
from carbohydrates, e.g ., hetero-fermentative lactic acid bacteria. 

It is now generally accepted that the direct attack on glycerol by micro¬ 
organisms is initiated by a phosphorylation and dehydrogenation 21 . 

—2H 

CHjOHCHOHCHjOH + H,P0 4 -> CH,CHOHCHO + H,0 

OHjPOi 


The further attack on the glyceraldehyde is determined by the specific 
microorganism. The reduced product formed depends on conditions, e.g., 
H 2 0 under aerobic conditions when oxygen has served as the acceptor of 
hydrogen, whereas under anaerobic conditions some other hydrogen ac- 
ceptor is’ necessary, e.g., CH,CHO. Stephenson and Whetham 58 found 
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glycerol unattacked by E. coli under anaerobiosis since no initial hydrogen 
acceptor was present. The addition of a hydrogen acceptor (or a precursor) 
permits luxuriant growth, e.g., glucose, nitrate, fumarate, malate, etc. 1 • 
Trimethyleneglycol is formed by certain coliform bacteria ( E . freuruhi, 
species of Aerobacler) from glycerol. Yields as high as 60 per cent of the 
glycerol fermented have been reported 22 . The exact mechanism of this 
anaerobic fermentation is unknown. Formation of trimethylene glycol 
occurs in the sweet water of the soap industry where it is formed by spon¬ 
taneous bacterial action. This has been the commercial source of tn- 

methylene glycol. . .. 

The propionic acid bacteria and the butyl bacteria are among those 
able to ferment glycerol under anaerobiosis. The former produce sub¬ 
stantially only propionic acid from glycerol; no hydrogen acceptor is 

necessary. . ., 

Small yields of hydrogen, carbon dioxide, succinic acid, formic acid, 

acetic acid, butyric acid, lactic acid, ethyl alcohol and acetylmethylcarbinol 
are obtained from the fermentation of glycerol by species of Bacillus (Cf. 
Braak* for a review of the fermentation of glycerol). 

Many of the early suggestions as to the mechanisms of formation of the 
products of fermentation of glycerol are now known to be obsolete and will 
not be discussed. The formation of succinic acid has been in dispute. It 
is now known to be formed 33 by the carboxylation of pyruvic acid to form 
oxalacetic acid which is reduced to succinic acid. The reaction was proved 
by the use of C 13 . Pyruvic acid is first formed by phosphorylation and oxi¬ 
dation of glycerol. The Wood-Werkman reaction then follows: 

0*0, + CH,COCOOH — C^OOHCHaCOCOOH 

The oxalacetic acid is then reduced to succinic acid 33 . 

E. freundii and A. aerogenes ferment glycerol (anaerobically) in the ab¬ 
sence of added hydrogen acceptors since both organisms can utilize glycerol 
as an acceptor reducing it to trimethyleneglycol. 

CHjOHCHOHCHaOlI CHjOHCHiCHjOH + H 3 0 
Exact mechanism is unknown. 

The butyl alcohol bacteria ( Clostridium) and the propionic acid bacteria 
(Propionibacterium) also attack glycerol under anaerobic conditions by 
utilizing hydrogen acceptors formed from the glycerol. The propionic bac¬ 
teria convert glycerol into propionic acid (traces of acetic acid, CO*, 
succinic acid) : 

CjHjOj — CHjCHjCOOH + H,0 


Exact mechanism is unknown. 
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Glycerol is converted by the acetic acid bacteria ( Acetobacter ) into di- 
hydroxyacetone under aerobic conditions 2 - 3 * 4> 15 • 79 . 

Citric acid ( Penicillium M , Aspergillus 9 ) as well as oxalic acid 10 is formed 
by fungi. Gluconic acid is listed by Bemhauer 1 . 

The yeast Endomyces vemalis forms relatively large quantities of fat from 
glycerol 13 . 

Bactericidal and Bacteriostatic Activity 

Glycerol in higher concentration than used for nutritional purposes is 
widely used as a bactericide or to inhibit the growth and multiplication of 
microorganisms. Glycerol has been used as a preservative for vaccines 
since the early days of vaccine preparation. The work of Mueller 23 showed 
that cow-pox vaccine lymph diluted three times with glycerol retained its 
activity unimpaired, whereas the extraneous organisms were destroyed. 
Rosen au 28 was among the first to study the germicidal action of glycerol 
on pure cultures. He concluded that glycerol exhibited definite although 
feeble action on many common species of bacteria. In general, a concentra¬ 
tion of 25-30 per cent glycerol is required to restrain the multiplication of 
bacteria. Spores are not affected. Winslow and Holland 34 found concentra¬ 
tions above 28 per cent necessary to exert germicidal action. Fungi require 
a greater concentration to prove germicidal than bacteria. 

The action of glycerol as a germicide is due probably to the withdrawal 
of water from the bacterial cell. Seiffert 27 , for example, found that the germi¬ 
cidal action is not caused by interference with the nutrition of the or¬ 
ganisms inasmuch as the same effect is obtained when glycerol is diluted 
with lymph, saline or serum. Werkman 31 , in a study of survivor curves of 
Micrococcus pyogenes var. aureus, found a correlation when the same chemi¬ 
cal groups are present between surface tension and bactericidal efficiency. 
The introduction of OH groups leads to diminution of toxicity, e.g., propyl 
alcohol, propylene glycol and glycerol. 

Glycerol is widely used as an effective vehicle for antiseptics and anti¬ 
bodies, especially iodine 17 , acriflavine 7 , and dyes 8 . 

Locatelli and Bowden 20 showed activity of sulfanilamide in 30 per cent 
concentration greatest when dispersed in glycerol, even greater than the 
powder. Likewise, Lain 18 found that 4 to 8 g of powdered sulfanilamide in 
30 ml warm glycerol proved very successful in cases of acute infections, 
dermatitis, impetigo and other infections caused by streptococci or staph¬ 
ylococci. 

Fisher 12 found that glycerol increases the bacteriostatic action of strepto¬ 
mycin on the tubercle bacillus. 

Pillsbury, el al. u found a glycerol base was highly effective in the use 
of sulfathiazole for local treatment of pyogenic cutaneous infections. 
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Glycerol-containing pastes and ointments are widely used for treating 
dermatological infections". Glycerol (5 per cent) and 2 per cent compound 
cresol solution in a mixture of equal parts of water and ethanol makes an 
effective and inexpensive solution for sterilizing instruments. Novak 24 
found this solution to kill pathogens in about one minute. 

Glycerol is used in modern dentistry as an antiseptic as well as a vehicle 
in preparations for the treatment of specific oral diseases such as Vincent’s 
angina, gingivitis, stomatitis or pyorrhea 18 . 
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THE PHYSIOLOGICAL ACTION OF 
GLYCEROL 

Martin E. Hanke 

Department of Biochemistry, University of Chicago, Chicago, Illinois 

Glycerol is a common energy yielding food. Since the average fat or 
oil molecule of animal or vegetable origin contains about 10 per cent by 
weight of glycerol, the average person who eats 100 g of fat per day, in¬ 
gests at the same time 10 g of combined glycerol. Readily absorbed and 
metabolized, this glycerol, when oxidized to CO 2 and water, yields 4.32 kg 
calories per gram 60 , slightly more than the 3.74 kg calories obtained from the 
same weight of glucose or the 4.18 kg calories from starch. Although, com¬ 
bined in fats and phosphatides, glycerol is present in animal tissues to the 
extent of about 1 per cent of the body weight, it is not essential in the diet, 
since, like glucose and most fatty acids, it is readily synthesized in the 
animal body. Aside from furnishing energy by contributing to the general 
pool of oxidizable organic compounds, it plays no special role in nutrition. 
About 3 per cent glycerol is normally formed during alcoholic fermenta¬ 
tion of sugar by yeast; therefore glycerol is present in minute amounts 
in beer, wine and bread. From 0.3 to 1.0 per cent glycerol was found in a 
variety of common wines”. 

Pure glycerol of commerce is used primarily in medicinal and pharma¬ 
ceutical preparations, as a solvent for drugs, and as a component of emol¬ 
lient solutions, ointments, plasters, and purgative remedies. It has been 
stated 42 that glycerol is probably more frequently used in prescriptions 
than any other substance except water. Glycerol is also used as a pre¬ 
servative for meats, eggs, and other flesh products, in anatomical prepara¬ 
tions and vaccine lymph. It is a constituent of certain beverages, also to¬ 
baccos and snuffs. There are no special biological implications in the 
numerous other commercial uses of glycerol, for example in the manufacture 
of the explosive nitroglycerine of dynamite or cordite, in the textile, paper, 
ink, soap, and leather industries, as a lubricant and as a hydraulic fluid. 
There are no reports of industrial poisoning in the manufacture or use of 
glycerol. 

From a physiological point of view it is of interest to examine the evidence 
bearing on its nutritive value; its absorption from the gastrointestinal 
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tract- its utilization by tissues; its excretion; and its effect on various 
physiological processes such as reproduction, incidence of pregnancy, diu- 
£ and kidney function, and metabolism of isolated Ussues In view of 
the extensive use of free glycerol by the food and drug industries, be¬ 
comes important to ask, how large a quantity of glycero can be consumed 
by man or animals before harmful effects arc noted, and what, if any, are 
the signs and symptoms of excessive ingestion. Numerous investigations 
have given definite answers to these and related questions 

In general, it may be said that, by mouth, free glycerol is very well 
tolerated and in limited amounts is approximately equivalent to glucose 
or other carbohydrate in the diet. Only when the amount ingested exceeds 
half of the diet over a long period can any harmful effects be noted. In 
this respect glycerol is similar to many other common foods, like salt, 
sugar fatty acids, amino acids, or even certain vitamins, which in moderate 
amounts arc beneficial and nourishing, but in excessive quantities are 
harmful or even lethal, especially when their excessive administration 
involves limitations in the quantities of other essential foods. It may also 
be noted, as will be described in detail later in this chapter, that most of 
the toxic effects of glycerol depend on parenteral rather than oral admini¬ 
stration. When injected intravenously or intraperitoneally about G g per kg 
(a considerable dose) will kill a rat; but by mouth, four times this dose is 
needed. Parenterally, sublethal doses of glycerol cause fall in blood pres- 
sure, albuminuria, hemoglobinuria; but these effects arc not observed 
when glycerol is taken by mouth. The dietary consumption of glycerol by 
man and animals could be greatly increased without harm, especially as a 
substitute for carbohydrate and if mixed with other food. However, for 
reasons of availability and expense, if not for reasons of payability and 
physiological value, among the nonprotein foods, glycerol will probably 
always remain less extensively consumed than sugar, starch and fats. 


Glycerol as a Food 

Ingested Glycerol and Growth. That glycerol is a nourishing food is 
clearly shown by numerous studies on the growth of rats which were fed 
diets containing various amounts of glycerol. In one set of experiments 
Johnson, Carlson and Johnson 33 fed a control group of rats 61 per cent of 
starch plus 39 per cent of other foods, casein, butter, yeast, salt mixture and 
agar. The experimental groups had varying amounts of the starch replaced 
by glycerol. The food intake was limited and adjusted in such a way that 
each group received the same total weight of food per gram of body weight 
per day. With diets containing up to 41 per cent glycerol and 20 per cent 
starch, for a period of 21 weeks, growth was at least as good as in the con¬ 
trols. When all the starch was replaced by glycerol, which then constituted 
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61 per cent of the diet, growth was greatly impaired. The appearance of the 
rats on this high glycerol diet was abnormal; their coats lacked the smooth 
gloss of the controls and they were less active. However, the impaired 
growth of these rats was not due to any toxic effect of this quantity of 
glycerol, for when starch was added to this diet in the amount of 0 g of 
starch for every 10 g of diet, thus increasing the food intake while keeping 
the amount of glycerol constant, then normal growth was promptly re¬ 
sumed. The undernourishment of the animals on the 01 per cent glycerol 
diet was due to inadequate food intake not to excess of glycerol per sc. 
The best interpretation of these observations lies in the fact, that as the 
amount of glycerol in the diet is increased, there is an increasing pro¬ 
portion of the glycerol excreted in the urine. (This is discussed below in 
connection with the urinary excretion of glycerol.) In diets containing up 
to 41 per cent glycerol, this urinary excretion of glycerol is apparently so 
small that glycerol is at least equivalent to starch in nutritive value; how¬ 
ever, with 61 per cent glycerol in the diet the amount excreted in the urine 
apparently becomes so great that the diet is calorically inadequate. The 
inadequacy can be rectified by the mere addition of starch, even though 
the glycerol intake is maintained. 

In another experiment 33 observations were made on the effect of glycerol 
on the growth of rats on an otherwise inadequate diet. Ten rats were fed 
the same control diet (containing no added glycerol) for five weeks, when 
the quantity of food fed to five of the animals was decreased just below the 
amount necessary to maintain weight. The other five received this same 
diet plus 12 g of glycerol for every 10 g of control diet (54 per cent glycerol). 
The latter group continued to grow at the normal rate. A reversal of the 
diets of the two groups caused a reversal of their growth curves. This 
amount of glycerol was not only not toxic, but made the difference between 
normal growth, and bare maintenance. 

Ilolck 30 reported that young adult female rats, which were fed a diet 
containing 20 per cent glycerol mixed with solid food for eleven weeks, 
gained about the same body weight as control animals which were fed the 
same diet without glycerol. Delaunay and Accoyer 17 reported that the nor¬ 
mal rat is capable of assimilating 0.4 to 0.5 g of glycerol per 100 g body 
weight per day. When fed in excess of this level, glycerol was reported to 
be excreted in the urine within 12 hours unaccompanied by albumin or 
reducing substances. Hart 36 reported that doses as large as 25 g per kg body 
weight administered to rats by stomach tube had no ill effects. In experi¬ 
ments by Guerrant, Whitlock, Wolff and Dutcher 34 growing rats were fed 
a series of purified diets containing ten different amounts of glycerol, 1,3, 6, 
10, 15, 20, 30, 40, 50 and 60 per cent of the total diet. With diets up to 30 
per cent glycerol, the growth curves were indistinguishable from the con- 
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trols a gain of 150 g in the first 10 weeks, with smaller increases m a 
second 10 week period. With 40, 50, and GO per cent glycerol in the diet 
the weight increases were less, 125 to 100 g in the first 10 weeks, but a 
the test animals with these highest amounts of glycerol survived the lull 
experimental period of 20 weeks without loss of weight. 

Johnson, Carlson and Johnson 33 extended their experiments on the feed¬ 
ing of glycerol to dogs with entirely similar results. During a 50-week period, 
a control diet containing 52 per cent carbohydrate (plus 48 per cent other 
constituents, fat, ground lung tissue, white bread, milk, yeast and bone- 
meal) was fed to three 5-week old puppies, while their litter mates received 
a diet containing 35 per cent glycerol and 17 per cent carbohydrate (plus 
the same 48 per cent of other constituents). For the first 36 weeks the 
growth curves of the two groups were indistinguishable, an average gain 
of about 8 kg. At this time the total food intake was decreased to from 
50 to 80 per cent of the previous intake, so that the animals without glycerol 
just maintained their weight. The glycerol fed animals (with the same 
quantity of food per kg body weight) lost an average of 1.8 kg in 14 weeks. 
When subsequently the food intake was increased, normal growth was 
resumed in all the animals. These experiments show that in these large 
doses on restricted diets glycerol is not equivalent to carbohydrate in the 
diet. It is felt that the loss of weight of the glycerol fed animals on the re¬ 
stricted diets was due not to any toxic effect of the glycerol, but rather to 
loss of glycerol in the urine, which caused an inefficient use of glycerol 
by the tissues, when the glycerol constitutes such a large fraction of the 
diet. 

Experiments on the feeding of glycerol to humans are less extreme since 
smaller doses per kg body weight were administered. Ferber and Rabino- 
witsch 20 gave oral doses up to 100 g of glycerol per day in 250 to 300 ml 
of water to 60 patients and observed little if any untoward effects. No 
instance of gastrointestinal disturbance was noted. Only five patients com¬ 
plained of any discomfort, and this was usually a throbbing headache or 
dizziness. The investigators were of the opinion that these symptoms may 
well have been caused by the lack of food, since the glycerol was taken on 
an empty stomach, ten hours after the last meal. For the treatment of uri¬ 
nary calculi in humans, Lickint 47 regularly gave three 50-g oral doses of 
glycerol per day for three days along with 1500 ml of coffee, tea, or milk 
and other food, and Gissel 22 similarly gave 200 g of glycerol in one liter 
of water, without ever observing any harmful effects of the glycerol. 

In the human experiments of Johnson, Carlson and Johnson 33 fourteen 
persons, graduate students (10 men, 4 women), each drank 30 ml of 95 
per cent glycerol with orange juice after each meal over a period of 50 days. 
This amounted to 1.3 to 2.2 g per kg body weight. Preceding and following 



406 


GLYCEROL 


this period were ten day control periods. The rest of the diet was not rigidly 
controlled, except that the juice of three oranges was ingested in the 
control periods just as it was during the glycerol feeding period. An effort 
was made to avoid any tendency to decrease the intake of other foods 
during the glycerol feeding period; in other words to superimpose the glyc¬ 
erol on a normal diet. 

The addition of 90 ml to the diet, or approximately 110 g of glycerol, 
if completely oxidized would yield about 470 calories, and this would in¬ 
crease the caloric intake of a student at least one-tenth. It is not surprising, 
therefore, that there was a slight tendency toward increased weight during 
the glycerol feeding period. Subjective effects were of a minor nature: two 
subjects reported increased thirst, four subjects reported a feeling of 
warmth in the stomach after ingestion of the glycerol when the latter 
was taken on an empty stomach. There was no report of headache, dizzi¬ 
ness, sleeplessness, talkativeness, or excitement. There were no signs of 
addiction. There was no significant change in urine volume nor in the 
number of bowel movements caused by the glycerol feeding, although a 
slight, hardly significant, tendency toward softer stools was reported. Glyc¬ 
erol ingestion caused no change in hemoglobin content of the blood, no 
hemoglobinuria or albuminuria, no change in body temperature or in basal 
metabolic rate. Its effects were those of a readily assimilable, nourishing 
food. 

Glycerol and Reproduction. Johnson, Carlson and Johnson 33 observed 
the incidence of pregnancies and the number of young reared to weaning 
age in three groups of rats on the diets previously described: 61 per cent 
starch with no glycerol, 20 per cent starch with 41 per cent glycerol, and 
no starch with 61 per cent glycerol. There was no significant difference in 
the results of the first two groups; however, in the last group, with 61 per 
cent glycerol, no pregnancies occurred. Considering the undernourished 
condition of this group, this interference with reproduction was expected. 
In a more recent study, Guerrant and associates 24 reported the rearing of 
six generations of rats on a diet containing 10 per cent glycerol, and seven 
generations with 30 per cent glycerol. It may be concluded that glycerol 
is equally effective as starch in meeting the metabolic demands of preg¬ 
nancy and lactation; only when the proportion of glycerol in an otherwise 
limited diet is sufficiently great to cause malnutrition, was any inter¬ 
ference observed on the incidence of pregnancy. In amounts up to 41 per 
cent of the diet, glycerol does not interfere with reproduction. 

Gastrointestinal Absorption of Glycerol. Glycerol is readily absorbed 
from the intestines. In experiments on anesthetized dogs, Johnson, Carl¬ 
son and Johnson 33 showed that although little glycerol was absorbed from 
the stomach, about 50 per cent of the administered glycerol was absorbed 
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from intestinal loops in two to three hours. Similarly, Ilober and Hober 
found that when 0.13/ glycerol in one-third Ringer solution is inserted 
into an exposed loop of the small intestine of an anesthetized rat, from 70 
to 88 per cent of the glycerol is absorbed in 25 minutes. 

That the absorption of glycerol, like that of hexoses, is accompanied by 
phosphorylation, is indicated by an increased amount of acid-soluble or¬ 
ganic phosphate in the mucosa, following the oral administration of glyc¬ 
erol (Laszt and Sullmann 38 ). Following the absorption of glycerol, like that 
of hexoses, there is an increase of phosphate esters also in the livers of rats 
and rabbits 90 . A mixture of glycerol and phosphate, or better glycero-phos- 
phatc, administered together with glycocholic or taurocholic acids, increases 
the rate of absorption of oleic and similar fatty acids. These observations 
indicate that esterification of glycerol with phosphoric acid is involved in 
the absorption and transport of glycerol, and that the formulation of 
phosphatides (containing glycerol) is significant in the transport of fatty 

acids in the animal body 4 * M . . 

Glycerol is not appreciably absorbed through the unbroken skin . 

The Excretion of Glycerol. Many investigators have reported that the 
administration of large doses of glycerol leads to the appearance of glycerol 
in the urine 2 • n.n.u.n.n. 76. Leo 41 showed that the amount in the urine 
depends on the dose. After feeding 8.9 to 17.8 g to humans he found no 
glycerol in the urine; after 20 g, he found traces; and after 2G g, he found 
0.5 to 1 g. Gissel 22 similarly reported the following relation between fed 
and urinary glycerol respectively, expressed in grams: 10, 0; 20, 0; 30, 1.1; 
50, 2.7; 100, 9.1; 150, 17.0; 200, 23.7. All of the excreted glycerol appeared 
in the urine within six hours after the feeding. The figures show that an 
increasing percentage as well as amount of glycerol is excreted in the urine, 
as the dose is increased from 20 to 200 g. With the largest dose, as much as 
one-fourth (12 to 28 per cent) of the fed glycerol appeared in the urine. 
According to the data of Nicloux" and Schubel 75 - 7G , after intravenous 
injection, glycerol is more extensively excreted in the urine (up to 40 to 
50 per cent), than when given by mouth. Delaunay and Accoyer 17 showed 
that poisoning of rats with phosphorus increases the fraction of the fed 
glycerol which appeal's in the urine, from 1 to 3 per cent, when 2 g of 
glycerol is fed to a 450-g rat. 

These observations on the urinary excretion of glycerol explain the 
decreased efficiency of glycerol as a food when the amount of glycerol 
administered per unit time is increased. With moderate or small doses of 
glycerol, there is little or no urinary loss, and the glycerol is equivalent (or 
more than equivalent) to starch in nutritive value; with large doses, over 
50 per cent of the diet, the increasing urinary excretion of glycerol, and 
corresponding decreased utilization leads to defective nutrition, which can 
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be compensated for, as Johnson, Carlson and Johnson 33 have shown, by 
increased intake of starch, even though the high glycerol intake is main¬ 
tained. 

Only negligible quantities of glycerol are apparently excreted in the 
feces. Arnschink 2 reported that of 64 g of glycerol fed to dogs, only 0.34 g 
or 0.53 per cent was recovered in the feces, and concluded that the unab¬ 
sorbed fraction of orally administered glycerol is negligible. 

The Metabolic Equivalence of Glycerol and Carbohydrate. To what 
extent glycerol is equivalent to carbohydrate in metabolism can be evalu¬ 
ated, as Wishnofsky et al* have pointed out, in terms of the extent to 
which glycerol can bring about the following four metabolic effects of glu¬ 
cose administration: (a) glycogenesis (increase in liver glycogen or ex¬ 
cretion of extra urinary glucose when fed to phlorhizinized dogs); (b) 
antiketogenesis or kctolysis (decrease in acetone bodies); (c) rise in blood 
sugar; and (d) relief from hypoglycemic shock. The conversion of glycerol 
to glucose (2C 3 HjO* 4- O 2 —> C«Hi 2 0« + 2H 2 0 + 122 kg cal) is an exo¬ 
thermic oxidation, which involves many intermediate steps (formation of 
triose- and hexose-phosphates) and liberates 0.6 kg cal per g of glycerol 
so converted. 

Several studies 12 - 40 • 48 have shown that feeding glycerol increases the 
glycogen content of liver and muscle, and the quantitative studies of 
Catron and Lewis 12 , indicate that glycerol is as efficient as glucose in this 
respect. Lcderer 40 showed that perfusion of surviving livers with glycerol 
solutions also leads to increased glycogen content. Chambers and Deuel 13 
showed that feeding of glycerol to phlorhizinized dogs led to excretion of 
extra glucose in the urine, amounting to 96 to 98 per cent of the glycerol 
fed. This conclusion that glycerol is converted to glucose in the phlo¬ 
rhizinized dog is confirmed by the observation that the respiratory quotient 
of these animals was decreased by glycerol feeding. The conversion of 
glycerol to glucose consumes 0 2 without producing C0 2 and should there¬ 
fore decrease the respiratory quotient. McCann and Hannon 83 found that 
feeding glucose to normal men caused a rise in respiratory quotient, while 
feeding glycerol had no effect. This was expected since the theoretical 
respiration quotient of glucose is 1.0, that of glycerol is 0.86, and the 
normal average for man on a mixed diet is 0.85, or about the same as that 
of glycerol, but below that of glucose. 

That glycerol is antiketogenic has been shown in several studies 13 • 27 • 
36.69.74^ which report decreases in the formation and excretion of acetone 
bodies following the ingestion of glycerol in normal fasting persons and 
animals, and in diabetics. In the quantitative studies of McCann and Han¬ 
non” and of Shapiro 78 glycerol was found to be as efficient as glucose in this 
respect, and in extreme acidosis and ketonuria the former authors report a 
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maximum antiketogenic effect from glycerol with less hyperglycemia and 
glycosuria than from an equivalent amount of glucose. 

The effect of glycerol ingestion on the blood sugar, like that of glucose 
itself varies with the size of the dose, the recency of the last meal, whether 
glycerol is given with other food, and whether or not the individual or 
animal is diabetic. In general, glycerol is less effective than the same weight 
of glucose in elevating the blood sugar. In their experiments in which diets 
containing as much as 60 per cent glycerol were fed to rats, Guerrant 
and associates 24 reported blood sugar values no different from those on 
glycerol free diets. Behrens 3 and Kneip 34 reported that 0.5 to 0.6 g of glyc¬ 
erol per kg body weight (9 to 22 g of glycerol fed to normal and diabetic 
children of 14 to 35 kg body weight), did not influence the blood sugar 
values. On the other hand, many other studies have shown that adminis¬ 
tration of glycerol increases blood sugar levels when glycerol alone is 
given in the post-absorptive state (that is on an empty stomach), especially 
in diabetic persons. Fcrber and Rabinowitsch 20 and Wishnofsky cl al. 9 * 
found that the feeding of glycerol (80 g in 500 ml of water) on an empty 
stomach causes an appreciable increase in blood sugar in normal persons 
(97 to 116 mg per 100 ml in 2 hours), and a greater increase in diabetics 
(201 to 253 mg per 100 ml). The former authors 20 report that in certain 
diabetics this glycerol feeding induces glycosuria. The latter 90 report that 
the hyperglycemic effect of glycerol is less (about 0.4) than that of about 
the same weight of glucose. Since in diabetics glycerol causes a smaller 
increase in blood sugar than glucose does, they conclude that the capacity 
for utilization of glycerol exceeds that of glucose in diabetes. McLean 54 
reported that the ingestion of 60 g of glycerol by children on an empty 
stomach was followed by an average increase of 20 mg per 100 ml in the 
blood sugar value, while the same weight of olive oil had no demonstrable 
effect. Voegtlin, Thompson and Dunn 93 showed that oral or intraperitoneal 
administration of glycerol to fasting rabbits caused extensive and prolonged 
hyperglycemia. 

There are two contradictory reports concerning the effect of glycerol on 
hypoglycemic shock. Noble and Macleod 58 used rabbits which were in 
convulsions after insulin injection, and reported that glycerol had no effect 
on the symptoms of hypoglycemic shock. In this study a variety of sub¬ 
stances were classified into three groups according to the speed with 
which they counteracted insulin shock: (1) those which acted immediately 
(glucose and mannose); (2) those which acted slowly (fructose, galactose, 
maltose) and which therefore were ineffective in a case of extreme shock; 
(3) and those which had no action. In this last group were glycerol and some 
other glycogenic substances such as lactate and sucrose. On the other 
hand, Voegtlin, Dunn and Thompson 92 , from experiments with rats, re- 
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ported that the administration of glycerol not only prevented death of 
insulin-injected animals but relieved the symptoms of coma and convul¬ 
sions, and caused increase of the blood sugar in these animals. These authors 
emphasized that they worked close to the minimum lethal dose of insulin, 
and it is likely that with an excessive dose of insulin (as was the case in 
the experiments of Noble and Macleod) a protective effect of glycerol 
would not be observed, while with a smaller (minimum lethal) dose of 
insulin, glycerol is protecting. They found that 8 g of glucose in a rat pro¬ 
tected against one minimum lethal dose of insulin, and that galactose, 
fructose, maltose, lactose, sucrose, trehalose, and alanine, as well as glyc¬ 
erol, had about the same effectiveness as glucose. Lactate, pyruvate, glycine 
and glutamate were surprisingly ineffective. When olive oil was given 4 to G 
hours before the insulin, in amounts up to 3G g, there was an appreciable 
decrease in mortality (70 to 30 per cent), about as much as would be ex¬ 
pected from the 10 per cent glycerol content of the oil. Campbell and 
Fletcher 9 reported that in humans, glycerol, like glucose, maltose, and 
other sugars, relieves the symptoms of insulin hypoglycemia. 

One may conclude that by each of these four criteria, glycogenesis, anti- 
ketogenesis, glyccmia, and protection against insulin shock, glycerol is 
essentially equivalent to carbohydrate. 

Glycerol and Protein Metabolism. Since glycerol is equivalent to carbo¬ 
hydrate in metabolism, it should have a protein-sparing action. Although 
some early studies failed to reveal any protein sparing action of glyc¬ 
erol 18 • 27 • 60 • 74 other studies have shown such action especially when glyc¬ 
erol is given in high doses. Catillon 11 found that glycerol caused both a 
decrease in urinary urea and in blood urea concentration. Strack 84 similarly 
found that in doses of 5 g per kg, glycerol exerts a protein sparing action 
on starved dogs. Chambers and Deuel 13 reported that the efficiency of 
glycerol in sparing protein (decreasing nitrogen excretion) in phlorhizinized 
dogs, is about the same as that of glucose or galactose. 

Harmful Effects of Unphysiological Amounts of Glycerol 

Like any other food or tissue constituent, when administered in excessive 
quantities to man or animals, glycerol has injurious effects. The normal 
physiological state depends upon a balance in the blood and tissues of the 
concentration of numerous substances like water, glucose, salt, fatty acids 
and amino acids; and glycerol, like the others, cannot be tolerated beyond 
a certain concentration, or beyond a certain rate of administration. Since 
the rate at which any of these substances can pass through the intestinal 
wall is limited, the injurious effects when given by mouth are in general 
much less than when administered parenterally. However, when taken by 
mouth in massive doses, glycerol has been found to be toxic, even to cause 
death in experimental animals. 
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The Lethal Dose of Glycerol. In mice and rats the lethal dose of glycerol 
/_ ivcn a s LD 50, the amount necessary to kill 50 per cent of a group of 
animals all of which receive the same dose of the lethal agent) expressed in 

oer kg body weight is 25 when given by mouth, 10 subcutaneously, and 
6 intrapcritoneally or intravenously* 5 • 30 . When given subcutaneously Schu¬ 
lzs. 70 reported that 4 to 5 ml* per kg may be fatal to rats, and 1 feiffer 
and Amove 64 found that 8 ml per kg is the minimum lethal dose for rats. 
Solomides 83 reported that rabbits are more sensitive than guinea pigs to 
glycerol poisoning: subcutaneously 1 ml per kg caused chronic symptoms 
in a rabbit but had no effect on a guinea pig; intrapcritoneally or intra¬ 
venously 1 ml per kg of undiluted glycerol was fatal for rabbits, while 2 .o 
ml per kg was needed to kill a guinea pig. Deichmann* 5 found that the lethal 
oral dose for rabbits, 14 ml or 18 g per kg, was somewhat less than that for 
rats but the lethal subcutaneous or intravenous doses were practically the 
same for the two species. When given intramuscularly to rats, Braun and 
Cartland 5 found that the fatal dose of glycerol was G ml per kg, about the 
same as the intraperitoncal or intravenous doses reported by Latven and 
Molitor or Deichmann. 

The intravenous injection of undiluted glycerol is complicated by trauma 
and sclerosis of blood vessels 51 which may result in occlusion. For this 
reason, Deichmann 15 feels that the values given for the minimum lethal 
intravenous doses are inconsistent and unreliable. Solomides 83 , in reporting 
that the lethal intravenous dose of undiluted glycerol is 1 g per kg for rab¬ 
bits and 2M B per ^6 for guinea pigs, emphasized that a preliminary dilution 
with physiological saline greatly decreases this toxicity. It is conceivable 
that the rate of injection and the size of the blood vessel into which the 
injection is made might affect significantly the amount of local injury as 
well as the systemic effect. 

There is little difference between the lethal dose of glycerol and the dose 
which has no harmful effect whatever on animals. Johnson, Carlson and 
Johnson 33 reported that 7 to 18 g per kg administered by stomach tube to 
rats left no observable ill effects in the ensuing 24 hours The largest of 
these doses is only slightly below the lethal oral dose of 25 g given above. 
Latven and Molitor 39 determined the LD 0, the maximum dose which 
killed no animals, and the LD 100, the minimum dose which killed all 
animals, as well as the LD 50. Respectively the LD 0, LD 50, and LD 100 
for mice in g per kg were 20, 25 and 32 orally; S, 10 and 12 subcutaneously; 
5, 6 and 7 intravenously. The closeness of the three figures in any group is 
striking. They also reported on the maximum nonsymptomatic dose and 
the minimum symptomatic dose. These were respectively 8 and 10 orally; 
7 and 8 subcutaneously; 2 and 3 intravenously. Latven and Molitor 30 also 

* Since the density of glycerol is 1.26, 4 ml is equal to about 5 g. 
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found that glycerol is less toxic by mouth than propylene glycol, triethylene 
glycol, ethyl alcohol or ethylene glycol. Parenterally propylene glycol is 
better tolerated than glycerol; but orally glycerol is less toxic than any of 
the other compounds mentioned. 

When applied to unbroken skin glycerol is apparently not appreciably 
absorbed. Deichmann 16 applied large doses of undiluted glycerol for 2 
hours for each of 12 days, and 50 per cent aqueous glycerol similarly for 
25 days to the skin of rabbits without any evidence of intoxication: the 
former group, with undiluted glycerol, did not even show any decrease in 
growth rate; the latter group, with 50 per cent aqueous glycerol, remained 
stationary in weight during the period of glycerol application, and resumed 
normal growth after cessation of the treatment. It is not known whether 
this was a specific effect of the glycerol. 

The following very early reports (before 1890) on toxic and lethal effects 
of glycerol in animals may be open to question since there may be uncer¬ 
tainty about the purity of the glycerol, and the toxic effects may have been 
caused by some contaminant rather than to glycerol itself. Dujardin- 
Baumetz and Audige 19 found that 8 to 14 g per kg injected subcutaneously 
into dogs caused death in 3 to 24 hours. Plosz 66 reported that 300 ml 
injected subcutaneously into a horse caused death in 27 hours. Arnshink 2 
found that the administration of 7 to 11 g of glycerol per kg body weight 
per day for five days caused discomfort, occasional vomiting and slight 
fever. On the other hand, Tschirwinsky 17 reported that 7 or 8 g per kg by 
mouth caused no illness in dogs and Lcwin 43 - 44 found that feeding 30 to 
200 g per day to a dog had no ill effects, but a dose of 300 g per day caused 
excitement, vomiting, uncontrolled muscle twitchings and spasms. To this 
may be added the more recent work of Johnson, Carlson and Johnson 33 
who noticed no ill effect (in fact observed normal growth and development) 
when a diet containing 35 per cent glycerol was fed to three 5-week old 
puppies for 36 weeks. 

Cases of poisoning of humans by glycerol are very rare. There are no 
reports of industrial poisoning due to the handling of glycerol. Robert 36 
reports the case of a 2 Yi year old child, who swallowed 300 ml of glycerol 
and lost consciousness; however the stomach was washed out and the child 
recovered. Mueller** and Pfannenstiel 63 report three cases in which 100 g of 
glycerol was injected into the pregnant uterus in order to cause abortion. 
In one patient vomiting and diarrhea followed after 10 minutes, and then 
paroxysmal attacks of fever unlike that caused by infection. In another 
patient there was cyanosis, slow pulse, and brief fever. All three patients 
showed hemoglobinuria. Jaroshi 32 reports the case of a patient who took 
repeated oral and rectal doses of glycerol, and as a result suffered from 
weakness, vomiting, diarrhea and muscle cramps. When the glycerol was 
discontinued the untoward effects promptly disappeared. 
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In the numerous studies quoted above on the feeding of glycerol to 

, „ e ii. 20 . 22 .24. 33 .u. 53 . m. 56. % m which no harmful effects were 

humans . - , , 

noted the doses ranged from 20 to 200 g per person, or a maximum of about 

3 g per kg of body weight. This is far below the 14 to 25 g per kg found to 

be the minimum lethal oral dose in animals. 

In conclusion with respect to humans it can be said that no harmful 
effects have been observed following the ingestion of 50 g of undiluted 
glycerol per day by children or 150 g of undiluted glycerol by adults. If 
the glycerol is mixed with other food, the factor of safety would doubtless 
be increased. , , . , _ , . 

Signs and Symptoms of Glycerol Poisoning. Lethal doses of glycerol in a 
variety of species, rat, mouse, rabbit, dog, cat and horse usually cause 
restlessness, with occasional biting movements, tremor, increased pulse 
and respiration, vomiting and defecation, followed by diminished activity, 
irregular pulse and respiration, fall in blood pressure, cyanosis, loss of 
equilibrium, circus movements, clonic convulsions, and coma 15 - 18 • 33 • 35 • 
m. 75 .76 Death may not occur until many hours later, and is due to the 
combined effects of failing circulation and respiration. 

Local Inflammation, Hemorrhage and Edema Caused by Parenterally 
Administered Glycerol. Post-mortem examination of the tissues of animals 
killed by parenterally administered glycerol 65 - 68 • 79 reveals edema and tissue 
disintegration at the site of injection, and hyperemia of the kidneys, liver, 
lungs, and gastrointestinal tract, with occasional inflammatory reactions, 
lesions, and small hemorrhages. The spleen is less affected and the adrenals 
and bone are essentially normal. Deichmann 15 reported that subcutaneous 
injection of lethal amounts of glycerol into rabbits caused pronounced 
edema and hemorrhage at the site of injection. Also intraperitoneal injection 
of 2 ml of glycerol into rats caused within 20 to 40 minutes an accumulation 
of fluid in the peritoneal cavity, in some cases as much as 10 ml. Latven 
and Molitor 39 report that application of glycerol to the rabbit’s eye causes 
edema and hyperemia. 

These tissue inflammatory reactions have not been reported in animals 
given glycerol by mouth. Among the accounts of fatal oral glycerol poison¬ 
ing in animals 15 - 18 , reports of examination of tissues for inflammation or 
hemorrhage are lacking. There seems good reason to question the reports 
that glycerol injures the mucosa of the stomach and intestine by direct 
contact. Kobert 35 reported that repeated ingestion of large doses of glycerol 
leads to chronic inflammation of the stomach and intestines; and von Oet- 
tingen 94 states that “glycerol causes definite irritation of mucous membranes 
when in direct contact, presumably on account of its dehydrating action.” 
Johnson, Carlson and Johnson 33 examined grossly and histologically the 
tissues of their rats and dogs which were fed glycerol for 25 and 50 weeks 
respectively, and found no abnormalities. Further studies are needed to 
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determine whether lethal oral doses of glycerol cause injury to the intestinal 
mucosa, and also inflammation and local hemorrhage in the liver, kidney 
and lungs, as has been found after parenteral glycerol administration. 

Anemia, Hemoglobinuria and Albuminuria Caused by Parenteral Glyc¬ 
erol. These conditions have never been reported as a result of taking glyc¬ 
erol by mouth. However, the intravenous, intraperitoncal, or subcutaneous 
injection of glycerol characteristically causes decrease in the number of 
erythrocytes and concentration of hemoglobin in the blood, and the ap¬ 
pearance of hemoglobin in the urine, as has been reported by Luchsingcr 48 , 
Ustimowitsch 88 , Plosz 66 , Simon 79 , Garibaldi- 1 and confirmed by Johnson', 
Carlson and Johnson 33 , Sugimoto® 5 and Deichmann 15 -' 6 . Deichmann'® found 
that a single lethal subcutaneous injection of glycerol caused, within 3 
hours, a marked decrease in the number of erythrocytes (from 5.6 to 1.6 
million per microliter) and leucocytes (9.1 to 4.1 thousand per microliter) 
and in the concentrations of hemoglobin (11 to 7 g per ICO ml blood). 
Repeated administration to rabbits of 12 doses of 2 to 6 ml per kg over a 
period of 7 weeks caused a decrease in red cell count from 6 to 4 million, in 
hemoglobin from 13 to 8 g, and inconsistent fluctuation in the leucocyte 
count. Luchsinger 49 first observed hemoglobinuria in rabbits as a result of 
subcutaneous injection of glycerol. Pfeiffer and Amove® 4 observed that 0.75 
ml per kg was the minimum subcutaneous dose of glycerol for producing 
hemoglobinuria; they noted further that preliminary administration of 
ascorbic acid more than doubled the amount of glycerol needed to cause 
hemoglobinuria. Robert 15 reported hemoglobinuria following intravenous 
injection of glycerol. Deichmann' 6 reported marked hemoglobinuria follow¬ 
ing injection of glycerol into the heart of rabbits. Johnson, Carlson and 
Johnson 33 observed occasional hemoglobinuria and albuminuria after in- 
trapcritoneal or subcutaneous injection of 2.5 to 3.0 g per kg to dogs. How¬ 
ever, in their experiments in feeding glycerol to dogs in amounts cf more 
than 9 g per kg per day (35 per cent of the diet) for over a year, no hemo¬ 
globinuria, nor other untoward effects were noted. These experiments serve 
to emphasize the marked difference in toxicity between oral and parenteral 
administration of glycerol. 

Hemolytic Action of Glycerol. As causes of the hemoglobinuria following 
the parenteral administration of glycerol, one may consider the inflamma¬ 
tion and small hemorrhages found in the kidneys in post-mortem examina¬ 
tion 65 ; also hemolysis due to direct action of glycerol solutions on the blood 
cells. Ustimowitsch 88 and Simon 79 have reported that glycerol is hemolytic 
in vitro as well as in vivo. Jacobs, Glassman and Parpart 3 ' showed that 
the blood of various species differed markedly in the ease of hemolysis by 
dilute glycerol solutions. The blood of man and rat was hemolvzed within 1 
minute, while that of cat, dog, horse, pig, sheep, and ox required 15 to 30 
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minutes. Also, lowered pH stabilized human and rat erythrocytes, but 
shortened the time required for hemolysis of the blood of the other species. 
Johnson, Carlson and Johnson” pointed out that while an aqueous solution 
of glycerol causes hemolysis just as distilled water does, a solution of 
elvccrol in isotonic salt is not hemolytic. A similar experiment can be 
carried out with urea; urea in water is hemolytic, urea in isotonic salt is 
not hemolytic, and in either case the result is independent of the concen¬ 
tration of urea. The interpretation lies in three ideas: (1) glycerol (or 
urea) is freely diffusible into the red cell, while salt is not; (2) the integrity 
of the red cell (prevention of hemolysis) depends upon an esmotic balance 
between the concentration of solutes inside and outside of the red cell; and 
( 3 ) it is the water in which the glycerol (or urea) is dissolved which upsets 
this osmotic balance and causes the hemolysis. Urea and glycerol themselves 
could not readily cause osmotic imbalance because of their ready chffusi- 
biiity into the cell. On the other hand, it appears that glycerol in very high 
concentrations has a mild hemolytic effect, similar to that shown by ether 
alcohol or other organic solvents. Schiibel 75 - 76 reported that while glycerol 
in concentrations up to 40 per cent in isotonic saline caused no hemolysis 
when added to blood in vitro, with concentrations of 50 per cent or more, 
hemoglobin passed into solution in 16 to 24 hours. One may conclude that 
dilute solutions of glycerol arc as hemolytic as is the water in which the 
glycerol is dissolved and that here the glycerol itself has no action; in con¬ 
centrated solution, more than 50 per cent glycerol, there is a mild hemolytic 


effect of this organic solvent itself. 

Effects of Glycerol on Blood Pressure. When taken by mouth in moderate 
doses glycerol has no effect on the blood pressure 33 . Even lethal doses given 
by mouth to animals cause only a slowly and progressively failing circula¬ 
tion 1 *. When given parenterally, however, the effects are prompt and pro¬ 
found. Even a small dose of glycerol intravenously causes a transient 
fall in blood pressure 33 . Amidon 1 reported that the intravenous injection 
of 0.5 to 1 ml per kg is followed by a fall in blood pressure with decrease in 
the force of the heart beat and more rapid and irregular pulse rate. Since 
these effects are not prevented by deccrebration, sectioning of the vagi, or 
atropinization, they must be due to some peripheral mechanism. Schii- 
bel 75 * 76 reported that the intravenous injection of 0.5 to 1 g of glycerol per 
kg body weight in cats caused a prompt fall in blood pressure, which later 
rose again, sometimes above the original level. 1 he initial fall was attributed 
to impaired heart action, the secondary rise to hydremic plethora. Deich¬ 
mann 15 found that lethal intraperitoneal injection of glycerol causes a 
marked increase in respiration followed by a sudden drop in blood pressure. 
Death was due to the combined effects of failing circulation and respiration. 

Narcotic Effects of Glycerol. In studying the effect of glycerol on the per- 
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formance of rats in learning a maze, Macht and Ting 60 reported that 
160 mg per 100 g body weight produce about the same depression as 80 mg 
of ethyl alcohol or 120 mg of ethylene glycol. Latven and Molitor 39 re¬ 
ported the minimal hypnotic dose in mice to be 10 ml per kg orally, 8 ml 
per kg subcutaneously, and 3 ml per kg intravenously. The corresponding 
figures for ethyl alcohol were 3, 2 and 0.8 ml per kg. These hypnotic doses 
of glycerol are 50 to 80 per cent of the lethal doses (LD 5.0) found by these 
authors in the same species. Glycerol thus appears to be a very mild nar¬ 
cotic since such high doses are required for nervous depression. In their 
experiments on dogs and rats, where 35 to 60 per cent of the diet consisted 
of glycerol, Johnson, Carlson and Johnson 13 did not notice any narcosis; 
and in the numerous experiments on feeding 30 to 200 g per day of glycerol 
to humans, no symptoms of mental or nervous depression are recorded. 

Langendorff 37 suggested that glycerol dehydrates the peripheral nerves, 
and thus causes irritation and narcosis. Santesson 73 showed that in frogs 
glycerol lowers the threshhold of peripheral nerves to electric stimuli. 

Other Physiological Effects of Glycerol 

Diuresis Caused by Glycerol. Several authors have reported that ad¬ 
ministration of glycerol causes increased water intake and increased urine 
volume 23 * 43> 44 * 45 * 8S . Johnson, Carlson and Johnson 33 noted that rats on 
the diet containing 41 per cent glycerol drank 30 per cent more water than 
the controls, while those on the 61 per cent glyceroj diet drank 230 per cent 
more than the controls. Also their dogs with a diet of 35 per cent glycerol 
secreted about 5 times as much urine as the dogs on the control diet in 
equal periods of time. In their experiments with humans, however, where 
90 ml of glycerol per day were consumed (1.3 to 2.2 g per kg), there was no 
noticeable increase in urine volume. Lewis and Corley 45 likewise observed 
no diuresis in three of five persons who received 50 g of glycerol per day. 
The increased urinary volume following glycerol feeding in the rat and dog 
experiments may be correlated with and dependent upon the appearance of 
glycerol in the urine, since they both occur only after a certain limited level 
of intake is exceeded. This is entirely similar to the diuresis which accom¬ 
panies alimentary or diabetic glycosuria. Cugusi 14 showed that although 
the diuresis caused by intravenous glycerol increased as the dose was in¬ 
creased from 1.2 to 2.4 g per kg, with 4 to 6 g per kg there was an in¬ 
hibition of urine formation. Johnson, Carlson and Johnson 33 suggest that 
the decreased urine volume observed after intravenously administered 
glycerol may be due to the fall in blood pressure characteristically observed 
here. 

Uric Acid Excretion Increased by Glycerol Ingestion. Lewis and Corley 46 
reported that the ingestion of 50 g of glycerol by humans was followed by 
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a 30 to 90 per cent increase in the hourly rate of urinary uric acid excretion. 
In 10-g quantities glycerol was ineffective, as were 50-g quantities of glucose, 
lactose, sucrose, or fat; but 10 g of glycine was as effective as 50 g of glyc¬ 
erol Ilosenfeld 70 similarly reported that feeding glycerol increases the daily 
uric acid output from 580 to 695 mg on a purine contaimng diet, and from 
433 to 581 mg on a purine free diet. Similar results were reported by 
Quick 67 . On the other hand, when Johnson, Carlson and Johnson 33 com¬ 
pared the uric acid output of their human subjects ingesting three 30-g 
portions of glycerol per day they could find no difference from a control 
period without glycerol. The results, in mg uric acid per day, averaged 523 
before, 512 during, and 506 after glycerol feeding. It may be that the 30-g 
dose given with orange juice after each of three meals is not able to affect 
uric acid output, while 50 g at one time, without other food, consistently 
increases uric acid excretion. Grabfield and Swanson* 3 found that intraven¬ 
ous injection of 20 per cent glycerol caused an increase of 50 to 100 per cent 
in the rate of uric acid and allantoin excretion of dogs, during the hour 
after glycerol administration. More marked effects were observed with 50 
per cent solutions of sorbitol, sucrose, or fructose, while glucose, xylose, 
maltose, galactose, dulcitol or mannitol were without effect. The effect is 
not due to diuresis, and persists after denervation of the kidney. 

Several theories have been proposed for the mechanism by which glycerol 
alters uric acid excretion: (1) that glycerol decreases the solubility of uric 
acid in urine leading to the appearance of uric acid crystals, concretion^, 
and sediment 60 *; (2) that glycerol exerts a dissolving action on the matrix 
of the uric acid calculi causing them to break up into fine particles which 
remain suspended instead of adhering to the bladder wall 35 ; (3) by a specific 
effect on the protein metabolism glycerol is thought to increase the uric 
acid production by or elimination from the tissues 23 . Regardless of the 
mechanism of its action, several clinicians have reported enthusiastically 
about the value of glycerol taken by mouth in large doses (150 to 200 g 
per day) for ridding the bladder and urinary tract of uric acid stones and 
other urinary calculi 22,47> 75, 76,77 . Doubtless the increased urine volume 
and consequent decreased concentration of uric acid is a helpful factor. 
Present evidence does not justify the assertion that glycerol ingestion 
favors the formation of urinary calculi 33 . 

Body Temperature and Glycerol Administration. Moderate nontoxic 
oral doses of glycerol have no effect on the body temperature. Johnson, 
Carlson and Johnson 33 noted that there was no elevation of body tempera¬ 
ture in their dogs which were fed chronically or acutely with glycerol. 
In their human subjects receiving 90 ml of glycerol per day, body tempera¬ 
tures were entirely normal at all times. With doses of glycerol large enough 
to produce toxic symptoms of excitement, increased pulse, and respiration, 
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increased body temperature was reported in dogs by Catillon", Plosz 66 and 
Arnschink 2 . In rats and rabbits Deichmann 1 * reports variable effects of 
parenterally administered glycerol on body temperature. 

Effect of Glycerol on Muscles. Several authors studied the effect of sub¬ 
cutaneously or intramuscularly administered glycerol on the muscles of 
frogs, and noted after a primary irritation with spastic and convulsive con¬ 
tractions, a secondary clumsiness and stiffness. Since the convulsions were 
not prevented by decapitation, pithing of the spinal cord, nor curarization, 
Amidon 1 concluded that this effect is located in the muscle tissues proper. 
Santesson 73 showed that in isolated nerve-muscle preparations from glyc¬ 
erol-injected frogs, single electric stimuli caused abnormally high and long 
lasting tetanic contractions, during which the muscle was refractory to 
electric stimulation. He believed, like LangcndortP 7 that the hyperex- 
citability is due to increased excitability of nerve endings, which causes 
the muscle to be continuously stimulated by its own action currents into 
the tetanic state. Verzar and Peter 01 and Hart 26 likewise observed pro¬ 
longed contracture of glycerolyzcd frog muscle. 

Pelzer 61 reported that the injection of glycerol into the uterus in silu 
stimulated contraction of the uterine musculature. Pelzer in a later report 62 
and Mueller 65 used such intrauterine injections of glycerol to cause abortion. 
However, Pfannensticl 63 reported the procedure to be ineffective and very 
dangerous because of the accompanying fever, hemoglobinuria, and violent 
gastrointestinal disturbances. 

* In studies on isolated mammalian tissues, Pal and Prasad 50 found that 
0.4, 0.6, 0.8 and 1.0 per cent concentrations of glycerol in Ringer’s solution 
caused a temporary increase in the force and amplitude of the contraction 
of rabbits intestine, and that the effect is proportional to the concentration 
of the glycerol. Schubcl similarly observed that 0.1 to 1 per cent glycerol 
increased the peristaltic activity of the isolated ureter, but 5 per cent 
glycerol caused rapid depression of all ureteral movements. He also re¬ 
ported that 0.1 to 0.6 per cent glycerol decreased the tone of the isolated 
uterus and intestine. 

Germicidal Action of Glycerol. Several authors have shown that glycerol 
in high concentrations inhibits growth of bacteria 68 . Row 71 advocated the 
use of glycerol as a germ-destroying agent in the preparation of bacterial 
vaccine. Ituediger 72 found that various bacteria differed widely in their 
susceptibility to glycerol: anthrax was not affected, typhoid, staphylococcus 
albus and aureus were moderately inhibited, while plague bacilli, cholera 
spirilli, and diptheria bacilli were very susceptible. The germicidal action 
was greater at 30 to 35°C than at 15°C. The effect was appreciable at 12.5 
per cent glycerol, more at 25 per cent, and in 50 per cent glycerol all non- 
spore formers died in less than 4 days. Winslow and Holland 95 from studies 
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with B. coli reported that 9 per cent glycerol had no effect on the growth 
of the microorganisms, 28 per cent glycerol was appreciably inhibitory, and 
100 per cent glycerol caused destruction of 0.9 of the bacteria in 3 hours. 
From these studies it appears that glycerol has a mild germicidal action. 

Topical Application of Glycerol in Surgical Dressings. Lichtenstein 46 
describes at length the value of glycerol in surgical dressings. He points out 
that when glycerol is applied topically to suppurative wounds, the amount 
of wound exudate is diminished, spreading lymphangitis and tissue swelling 
are inhibited, and the chance of maceration and superficial infection, which 
commonly follow repeated hot moist applications, is decreased. Glycerol 
also involves a minimum of pain and discomfort when the dressings are 
removed and reapplied. He explains that the beneficial action of glycerol 
is due not only to its antiseptic or germicidal power, but more significantly, 
to the abstraction of fluid from the wound, and the reversal of the lymph 
flow peripherally to the wound surface instead of centrally into the lymph 
channels. These ideas, and especially the use of glycerol in the treatment 
of burns, have been reaffirmed by Wood 97 and by many others 0 - 28 - 81 ■ 
These authors recommend glycerol as a vehicle for the topical application 
of antiseptics, such as sulfathiazol or carbamide peroxide, or for wound¬ 
healing agents such as thioglycerol or other sulfhydryl compounds 80 . Re¬ 
cently glycerol has been recommended as suitable for intraperitoneal use 
in the treatment of acute diffuse secondary peritonitis 82 . 

The Sweetness of Glycerol. Carr, Beck, and Krantz 10 studied the relative 
sweetness of a variety of sugars and sugar alcohols, by observing with six 
standardized individuals the minimal concentration which just produced a 
sweet taste within one-half to one minute. They found that glycerol had a 
sweetness of 108 when sucrose is given a base value of 100. In his extensive 
study of the relative sweetness of a variety of substances, Cameron 7 - 8 did 
a large amount of control work in order to devise a rigorous method which 
would eliminate psychological errors. He points out the liminal (or thresh¬ 
old) methods are not valid for quantitative comparison of different sub¬ 
stances, since they often give results which do not agree with supra-liminal 
methods. The following solutions were found to be equally sweet: 2.25 per 
cent sucrose, 4 per cent glycerol; 5.5 per cent sucrose, 8 per cent glycerol; 
8.9 per cent sucrose, 12 per cent glycerol. It appears that glycerol is only 55 
to 75 per cent as sweet as sucrose, and that its relative sweetness to cane 
sugar increases as the concentrations increase. 

Summary 

Glycerol is a common energy yielding food, essentially equivalent to 
glucose in nutrition and metabolism. No harmful effects have been noted 
following the ingestion of glycerol by dogs and rats in amounts of 35 to 
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50 per cent of the diet, or 10 to 15 g per kg body weight per day, and by 
man in daily quantities of 50 g by children or 150 g by adults. As the amount 
of glycerol in the diet is increased, the efficiency of glycerol as a food is 
decreased, because of the excretion of an increasing proportion of the 
glycerol in the urine. In man, the threshold dose at which glycerol begins 
to appear in the urine is about 25 g. 

The lethal dose of glycerol in mice and rats in g per kg body weight is 25 
orally, 10 subcutaneously, and 6 intraperitoneally or intravenously. Death 
is due to failing circulation and respiration. The parenteral administration 
of glycerol is followed by fall in blood pressure, hemoglobinuria, albu¬ 
minuria, anemia, and local inflammation. These effects are not observed 
when glycerol is taken by mouth. 

In doses of 50 g or more in man glycerol is a diuretic, and stimulates 
uric acid excretion. Several clinicians have reported favorably on its use in 
the treatment of urinary calculi. Glycerol has a mild germicidal action and 
has been recommended for use in surgical dressings especially for topical 
application to suppurative wounds. 

References 

1. Amidon, R. W., Arch. Med., 6, 107 (1S81). 

2. Arnschink, L., Ztschr. f. Biol., 23, 413 (1887). 

3. Behrens, H. O., Monatschr. f. Kinderh., 63, 368 (1935). 

4. Bloor, W. R., Physiol. Rev., 19, 557 (1939). 

5. Braun, II. A., and Cartland, G. F., J. Am. Pharm. Assoc., 26, 746 (1936). 

6. Brown, E. A., Krabek, W., and Skiffington, It., New Engl. J. Med., 234, 468 

(1916). 

7. Cameron, A. T., Can. J. Research, 22E, 45 (1944). 

8. Cameron, A. T., Sugar Research Foundation, Inc., New York, Scientific Report 

Series No. 9, pp. 49-55 (1947). 

9. Campbell, W. It., and Fletcher, A. A., J. Am. Med. Assoc., 80, 1641 (1923). 

10. Carr, C. J., Beck, F. F., and Krantz, J. C., Jr., J .Am. Chem. Soc., 68,1394 (1926). 

11. Catillon, A., Compt. rend. acad. sci., 84, 194 (1877). 

12. Catron, L. F., and Lewis, H. B., J. Biol. Chcm., 84 , 553 (1929). 

13. Chambers, W. H., and Deuel, II. J., Jr., J . Biol. Chcm., 65, 21 (1925). 

14. Cugasi, C., Arch, di Farm. Spcr., 34, 150 (1922). 

15. Deichmann, W., Ind. Med., 9. Indusl. Hyg. Sec., 1. 60 (1940). 

16. Deichmann, W., Ind. Med., 10, Indust. Hyg. See., 2, 5 (1941). 

17. Delaunay, II., and Accoycr, P., Compt. rend. soc. biol., 123, 694 (1936). 

18. DuBois, C., and Combemalc, P., Compt. rend. soc. biol., 89, 169 (1923). 

19. Duiardin-Baumetz and Audige., Bull. mem. soc. thcrap. scr. Z., 3, 88 (1876). 

20. Ferbcr, J., and Rabinowitsch, S., Am. J. Med. Sci., 177, 82 1 (1929). 

21. Garibaldi, A., Biochim. c. Tcrap. Spcr., 7 , 52 (1920). 

22. Gisscl, II., Klin. Wchnschr., 12, 1867 (1933). 

23. Grabficld, G. P., and Swanson, D., J. Pharm., 74, 106 (1942). 

24. Guerrant, N. B., Whitlock, G. P., Wolff, M. L., and Dutcher, R. A., Bull. Nat. 

Formulary Comm., 16, 205 (1947). 

25. Hansen, F., and Kamm, B., Biochcm. Ztschr ., 173, 327 (1926). 



PHYSIOLOGICAL ACTION OF GLYCEROL 


421 


26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66 . 

67. 

68 . 

69. 

70. 

71. 

72. 


Hart, E. R., Univ. Calif. Publ. Pharm., 1, 271 (1939). 

Ilirshfeld, F., Ztschr. f. Klin. Med., 28, 176 (1895). 

Hobbs, R., Proc. Roy. Soc. Med., 17, 73 (1924). 

Hober, R., and Hobcr, J., J. Cell. Comp. Physiol., 10, 401 (1937). 

Hoick, H. G. O., J. Am. Med. Assoc., 100, 1517 (1937). 

Jacobs, M. H., Classman, H. N., and Parpart, A. K., J. Bell. Comp. Physiol., 

197 (1935). 

Jaroshi, Wien. Med. Presse, 30, 969 (1889). 

Johnson, V., Carlson, A. J., and Johnson, A., Am. J . Physiol., 103, 517 (1933). 
Kneip, J., Monalschr. f. Kinderh., 64, 359 (1936). 

Robert, R., “Lchrbuck der Intoxikationen”, 2nd ed., Stuttgart (1906). 

Lang, R. M., Biochem. J., 9, 456 (1915). 

Langcndorff, O., Arch. Anal. Physiol., Physiol. Abt. p. 480 (1891). 

Laszt, L., and Sullmann, H., Biochem. Zeit., 278, 401 (1947). 

Latvcn, A. R., and Molitor, II., J. Pharm., 66, 89 (1939). 

Ledercr, J. A., Rev. beige sci. med., 8, 373 (1936). 

Leo, II., PJl\igers Arch. ges. Physiol., 93 , 269 (1902). 

Lesser, M. A., and Murphy, J. R., Modern Med., 6 , 58 (1938). 

Lcwin, L., Ztschr. f. Biol., 16, 243 (1879). 

Lewin, L., "Giftc und Vergiftungen. Lehrbuch der Toxicologic” (1929). 

Lewis, II. B., and Corley, R. C., J. Biol. Chcm., 66, 373 (1923). 

Lichtenstein, M. E., III. Med. J., 66, 425 (1925). 

Lickint, F., Munch, med. Wchnschr., 81, 821 (1934). 

Luchsinger, B., Pflugers Arch. ges. Physiol., 8, 289 (1874). 

Luchsingcr, B., Pflugers Arch. ges. Physiol., 11, 502 (1875). 

Macht, D. I., and Ting, G. C., J. Pharm., 19, 252 (1922). 

Maignon, F., and Grandclaude, C., Compt. rend. acad. sci., 190, 890 (1930). 
Margarido Correia, E., and Curado Riberio, E., Anais, inst. super, agron. Univ. 

tec. Lisbon, 13, 155 (1942); Chem. Abstr., 41, 1383 (Mar. 10, 1947). 

McCann, N. S., and Hannon, It. R., J. Am. Med. Assoc., 80, 1642 (1923). 
McLean, M. B., Monatschr. f. Kinderh. 70, 220 (1937). 

Mueller, A., Munch, med. Wchnschr., 41, 63 (1894). 

Munk, I., Virchows Arch. Path. Anal., 76, 119 (1879). 

Nicloux, M., J. physiol, path, gen., 6, 803 (1903); 6, 827 (1903). 

Noble, E. C., and Macleod, J. J. R., Am. J. Physiol., 64, 547 (1923). 

Pal, R. K., and Prasad, S., Indian J. Med. Res., 23, 515 (1935). 

Parks, G. S., West, T. J., Naylor, B. F., Fujii, P. S., and McClaine, L. A., J. Am. 

Chem. Soc., 68, 2524 (1946). 

Pelzer, Cenlr. f. Gynakol., 16, 35 (1892, I). 

Pelzer, Cenlr. f. Gynakol., 16, 901 (1892, II). 

Pfannenstiel, J., Centr. f. Gynakol., 18, 81 (1894). 

Pfeiffer, C., and Amove, I., Proc. Soc. Expl. Biol, and Med., 37, 467 (1937). 
Piras, A., Arch, di Farm. Sper ., 20, 120, 145 (1915). 

Plosz, P., Pflugers Arch. ges. Physiol., 16, 153 (1877). 

Quick, A. J., J. Biol. Chem., 98, 157 (1932). 

Rosenau, M. J., Treas. Dept. U. S. Hygienic Lab., Bull. No. 16., Washington 
(Sept. 1903). 

Rosenfeld, G., Berl. klin. Wchnschr., 45, 787 (1908). 

Rosenfeld, G., Klin. Wchnschr., 3, 1908-1909 (1924). 

Row, R., J. Prop. Med., 16, 293 (1913). 

Ruediger, A., Philippine J. Sci., 9B, 465 (1914). 



422 


GLYCEROL 


73. Santessen, C. G., Skand. Arch. Physiol., 14. 1 (1903). 

74. Satta, G., Bcitr. Chem. Physiol, u. Path., 6, 376 (1905). 

75. Schuhel, K., Sitzungsber. dcr physikalisch-medizinischen Sozictat zu Erlangen, 

68. 263 (1936). 

76. Schuhel. K., Arch. exp. Path. Pharmakol., 181, 132 (1936). 

77. Schulte, M. J., Pharm. Wcekblad, 79. 161 (1942). 

78. Shapiro. L., J. Biol. Chem., 108, 373 (1935). 

79. Simon. I., Arch, di Farm. Spcr., 20. 120, 145 (1915). 

80. Sinclair. R. G., Physiol. Rev., 14. 351 (1934). 

81. Smith. E. D., Am. J. Surg., 60 . 55 (1940). 

82. Smith, E. D., and Smith, R. W., The Southern Surgeon, 16, 18 (1949). 

83. Solomidcs, J. S., Compt. rend. soc. biol., 132 , 359 (1939). 

84. Strack, E., Ber. ges. Physiol., 61, 376 (1931). 

85. Sugimoto, K., Arb. dritt. Abt. Anal. Inst. Kaiserl. Univ. Kyoto, Scr. D, 6, 154 

(1935). 

86. Sutton, L. E., J. Am. Med. Assoc., 104 , 2168 (1935). 

87. Tschirwinsky, N., Ztschr. Biol., 16, 252 (1879). 

88. Ustimowitsch, C., Pflugers Arch. ges. Physiol., 13 , 453 (1876). 

89. Vaughn, D. L., Kentucky Med. J., 39. 12 (1941). 

90. Verzar, F., and Laszt, L., Biochem. Ztschr., 270, 24 (1934). 

91. Vcrzar, F., and Peter, F., PJlxigcrs Arch. ges. Physiol., 207, 192 (1925). 

92. Voegtlin, C., Dunn, E. R., and Thompson, J. W., Am. J. Physiol. ,71, 574 (1925); 

J. Pharm. 26. 168 (1925). 

93. Voegtlin, C., Thompson, J. W., and Dunn, E. R., J. Biol. Chem., 64, 639 (1925). 

94. von Oettingen, W. F., U. S. Pub. Health Bull., 281, 191 (1943). 

95. Winslow, C. E. A., and Holland, D., Proc. Soc. Exp. Biol, and Med., 16, 91 (1918). 

96. Wishnofskv, M.. Kane, A. P., Spitz. W. C., Michalover, S., and Byron, C. S., 

J. Lab. Clin. Med., 26. 526 (1940). 

97. Wood, E. H., Clin. Med., 60 . 231 (1943); Can. Med. Assoc. J., 60, 251 (1944). 



11 . USES OF GLYCERINE 

J. B. Segur 

The Miner Laboratories 


The unusual combination of properties possessed by glycerine has re¬ 
sulted in it being put to a great variety of uses. Some uses depend upon its 
nhvsieal properties, others upon its chemical properties. Certain uses in 
both of these groups are possible because of its nontoxicity and lack of 

objectional taste and odor. 

Physically, glycerine is a colorless, viscous, water-soluble, hygroscopic 
and high-boiling liquid. Chemically, it is a trihydric alcohol, very stable 
under most conditions, yet capable of reacting in the usual ways of alcohols. 
Physiologically, it is a food, nontoxic and easily digested; its metabolism 
places it with the carbohydrates. It has a sweet taste and little or no odor. 
It is not irritating to the skin or mucosa except in high concentration, when 

it has a dehydrating effect. . 

Because of these properties glycerine has an extraordinarily wide range 

of uses. 


Foods and Beverages 

The solvent power of glycerine results in its use in many flavors and ex¬ 
tracts. Such use frequently allows the elimination of part or all of the al¬ 
cohol commonly used. It has been used in vanilla and citrus flavors, in 
coffee, fruit and spice extracts of many kinds 20 - 21 • 24 and in synthetic flavors. 
The solubility of vanillin and coumarin in aqueous glycerine is given in 
Tables 7-55 and 7-56 (p. 311). An economical and stable glycerine-corn syrup 
vehicle for vanillin-coumarin is described on page 310. It may be used in 
chocolate syrups to increase their body and smoothness. Flavor pastes and 
powders often contain glycerine. Glycerine is a solvent for many food colors, 
e.g.y carmine and cochineal 58 . 

Glycerine, which is a by-product of alcoholic fermentation, is present 
in beer to the extent of 0.09 to 0.18 per cent, and in wine to the extent of 
about 10 per cent of the alcoholic content. The addition of glycerine to 
distilled liquors improves their smoothness and body. With preparations of 
saponin and other foam-forming materials, glycerine has been used in 
heading liquids to produce foam on both carbonated and noncarbonated 
beverages. 

• The use of approximately 5 per cent of glycerine in frozen whole eggs 
and frozen yolks prevents the formation of gummy lumps in the eggs. 

423 
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Cakes baked with glycerinated eggs have larger volume and better texture 
than cakes made with nonglycerinated eggs 42 - 67 . 

Experimental work to find a satisfactory low-carbohydrate ice cream 
showed that 4 per cent of glycerine could replace the 15 per cent sucrose 
in the formula and still produce an ice cream satisfactory in flavor, texture 
and ease of production 18 . 

The use of alcohol-glycerine rennets in the making of cheese has been 
suggested, especially where brine-rennet might be suspected of bacterial 
faults 18 . 

Glycerine enters into flavoring materials and curing salts and, as a 
plasticizer, into the many casings and coatings developed for the meat 
processing industry. It is used in both animal and artificial casings, the 
latter being composed essentially of regenerated cellulose. The glycerine, 
together with the moisture retained by it, increases flexibility and ease of 
handling. 

Jujubes, soft pastiles and other jelly-like candies utilize glycerine to pre¬ 
vent drying and graining 74 . It is also used in many other types of candy, 
particularly fudge, to maintain a soft texture and fine grain. In fudge the 
amount used is about 9 or 10 per cent of the weight of the sugar. In other 
candies the amount of glycerine may be from 5 to 15 per cent of the weight 
of the sugar, depending upon whether the candy should be firm or soft. It 
is similarly used in icings. 

Glycerine applied to dried fruits by dipping or spraying will reduce 
stickiness and inhibit surface crystallization of sugar. Glycerine amounting 
to about 0.25 to 1.5 per cent of the weight of fruit should be used 82 . Five 
per cent of glycerine in jam gives protection against crystallization 07 . 

•Glycerine, glycerine-salt and glycerine-invert sugar solutions have been 
found very satisfactory for direct contact quick freezing 71 * 72 . The advan¬ 
tages of aqueous glycerine solutions for this type of freezing are: their 
suitable viscosities, good heat transfer ability, noncorrosive properties, in 
proper concentration their resistance to fermentation, their ability to pre¬ 
serve natural color and the fact that they have no objectionable odor or 
taste. They do not cause excessive rupture of the cells at cut surfaces. 
Flavors, colors and sediment accumulated in the solutions can be easily 
removed by appropriate treatment. 

For freezing vegetables by immersion, a very satisfactory solution con¬ 
tains 15 per cent of glycerine and 15 per cent of salt in water. The solution 
is made slightly alkaline (pH 7 to 8) with sodium hydroxide and must not 
be allowed to become acid during use. The advantages of this solution as 
compared to a simple brine are (1) the colors are preserved, (2) there is no 
likelihood of the vegetables becoming too salty and (3) there is no toughen¬ 
ing due to high salt concentration. The freezing point of the solution is 
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-5°F. Vegetable should be frozen at 0°F and stored at the same tem- 

PC For freezing fruits, a solution containing 25 per cent of glycerine and 
30 per cent of invert sugar is used. It is made slightly acid (pH 3 to 4) 
with hydrochloric acid. This solution also has a freezing point of -5 
Fruit should be frozen and stored at 0°F. Color and flavor of the fruit are 

good, there is no browning and no sleek feel. 

The addition of small amounts of glycerine to peanut butter reduces oil 
separation and increases stiffness 53 - 44 . Usually from 1.5 to 2.0 per cent of 
added glycerine gives the desired results, although a high-oil peanut butter 
may make the addition of 5 per cent necessary. The smaller amounts have 
no effect upon the taste. The glycerine is more effective if added after the 
peanut butter is ground, rather than before or during the grinding. This 
effect is believed to result from the formation of a glycerine-in-oil emulsion 
which is stabilized by the fine solid particles of the peanut butter. Similar 
effects may be obtained with a number of other glyccrine-oil-solid systems . 

Glycerine, about 4 per cent by weight, is used as a humectant and softener 
for shredded coconut. Federal Specifications require the product to be 
“properly prepared from fresh, sound, whole coconuts and sucrose and/or 

glucose, glycerine, and salt” 27 . • . 

Glycerine is used in cakes to preserve their moisture and to retard 
staling. It will also give an increased ratio of volume to weight when used 
in the proper amount. This amount will vary somewhat with the type of 
of cake but, for example, the optimum was found to be 10 per cent of the 
weight of sugar in a loaf cake 4 . 

Glycerine used in any food or beverage should be of U.S.F. quality. 


Medicine 

Glycerine of U.S.P. grade finds extensive use as a solvent, as a moistening 
agent and as a humectant in pharmaceutical products. Here, the non¬ 
toxicity of glycerine is of highest importance. In addition, it can be used as 
a lubricant, a sweetening agent, a penetrant, an antifreeze agent and as a 

reactant. _ , 

In pharmacy, glycerine is an ingredient of many tinctures, elixirs and 

ointments. It is a commonly used component in United States Pharma¬ 
copoeia and National Formulary preparations It is also used as glycerite 
of starch in jellies and ointments. Cough remedies, both sirups and lozenges 
often contain glycerine, as do many throat sprays and gargles. 

Completely water-dispersible multi-vitamin preparations, containing 
both fat- and water-soluble vitamins, can be made for addition to aqueous 
food products and tonics. The vitamins are incorporated into a solution of 
ethyl alcohol and a blending agent, which in this case is glycerine. 
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Glycerine is useful in the manufacture of vaccines, tuberculins, allergen 
extracts for testing and treatment and various additional products for 
parenteral administration. Its solvent properties are utilized in the ex¬ 
traction of drugs, glandular products and other biologicals. It helps to 
prevent fermentation and enzymatic changes. 

Glycerine finds ready use in many types of burn therapy. Tannic acid 
jellies and related compounds almost always use glycerine. More recent 
burn remedies, employing certain sulfa-drugs, regularly utilize glycerine 
as a vehicle. 

Locatelli and Bowden have found, in their study of the bacteriostatic 
action of sulfanilamide in various media, that the activity of the 30 per 
cent drug concentration was greatest when dispersed in glycerine 48 . In 
dermatology a supersaturated solution of sulfanilamide in glycerine has 
proved a successful remedy for many types of acute, infectious skin condi¬ 
tions 40 . By itself or in combination with other materials it is an excellent 
vehicle for antiseptics. It does, in fact, have antiseptic properties of its 
own, probably because of its osmotic and hygroscopic action, which make it 
of value in the treatment and prevention of wound and surgical infections 65 . 
By reducing edema it inhibits lymphatic extension of infection. Its wound¬ 
cleansing action makes it peculiarly suitable for use in infected or con¬ 
taminated abdominal wounds 64 . 

Urea peroxide dissolved in anhydrous glycerine in concentrations of 
from 0.2 to 20 per cent by weight (4 to 8 per cent is commonly used) is 
an effective antiseptic for use on tubercular abscesses, surface wounds 
and as a skin disinfectant. In the presence of water the urea peroxide breaks 
down to urea and hydrogen peroxide. The glycerol not only stabilizes the 
urea peroxide but when applied to a wound draws plasma from the tissues 
and thus washes out bacteria 10 • 8-IIydroxyquinone, 0.1 per cent, may be 
added to the preparation as a secondary stabilizing agent. 

Glycerine is also used in ear infection remedies, anesthetics, suppositories, 
instrument sterilization solutions and instrument lubricants. 

Nitroglycerine is employed in medicine as a heart stimulant. 

Glycerine is used in dentistry as a solvent or as a suspending medium 
for materials such as antiseptics, oral medications, root canal pastes, polish¬ 
ing compounds, disclosing solutions and mouth washes. Tooth pastes may 
contain from 10 to 20 per cent of glycerine. In the dental laboratory, gly¬ 
cerine serves as a suspending medium for abrasive and polishing materials 
and as an ingredient of molding materials. 

In the field of optometry, glycerine finds its most frequent use as an 
ingredient of preparations for soothing or treating the eyes. The maximum 
proportion of glycerine considered suitable for eye lotions is 6 to 8 per 
cent. If the preparation is made up double strength with directions for 
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diluting 12 to 16 per cent of glycerol may be used. The higher percentage 
of glycerine tends to inhibit mold growth in the preparation 32 . 

Cosmetics 

Being nontoxic, nonirritating and practically odorless, U.S P. glycerine 
is very widely used in cosmetics, both for its soothing and softening effect 
noon the skin and as a vehicle and humectant for the cosmetic. 

The amount of glycerine employed in toilet goods ranges from a fraction 
of on c per cent to as high as 25 per cent or more. The following list was 
compiled by Goodman 30 to give some idea of the amounts of U.S.P. glycerine 
used in these preparations: 


Skin toning lotions 

(%) 

15 

Dry skin lotions 

10 

Shaving soaps 

2 

Brushless shave creams 

5 

Beard softeners 

5 

Deodorant pastes 

20 

Depilatory pastes 

10 

Eye washes 

3 

Facial clays 

5-10 

Liquid powders 

5-8 


Glycerine is used extensively in the manufacture of vanishing creams, 
which are oil-in-water emulsions. Moisture loss on standing is a problem of 
these materials. Here, 5 to 10 per cent of glycerine is useful as a humectant, 
and in addition, it helps to assure smooth application of the cream and 
prevents ‘‘rolling” on the skin. Glycerine is used to a lesser extent in cold 
creams and the amount is usually from 2 to 5 per cent. 

The addition of glycerine to a cream or lotion, the water content being 
reduced by an equal amount, will usually increase the stiffness or viscosity 
of the product. However, this is not invariably the case as the effect may 
pass through a maximum point and then diminish. For example in a vanish¬ 
ing cream of the following composition, the maximum consistency was 
obtained with a glycerine content between 7.5 and 12.5 per cent by weight. 

Stearic acid. 

Potassium hydroxide 

Glycerine. 

Isopropyl palmitatc. 

Water. 

100 . 0 % by \vt. 

The viscosities of some hand lotions are increased in a similar manner 4 . 

In beauty mask compositions and liquid powders containing bentonite 


15.0 

1.0 

0 . 0 - 20.0 

2.0 

82.0-62.0 
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and in alumina hydrogel based deodorants glycerine acts as a humectant 
and as a solvent for the medicinal, perfuming and coloring materials 
present. Depilatories, cleansing and emollient creams containing methyl 
cellulose often contain glycerine. 

Monoglyccrides, which are emulsifying agents, find use in such varied 
cosmetics as cream colognes, after-shave lotions, make-up foundations, 
cosmetic cleansing pads, hrilliantine and special nonallergy cosmetics. 

Glycerine is also used in industrial protective creams of many kinds, 
both because it repels oils and because it aids in the formation of oil-in¬ 
water emulsions. Two or 3 per cent of glycerine facilitates emulsification 
when compounds such as cholesterol or oxycholesterol are used in water- 
in-oil emulsions. 

Emulsifiers 

The commercial production of partial glycerol esters, namely 'mono¬ 
glycerides,” containing a mixture of mono- and diesters, dates back to 
approximately 1910. 

Limited uses were found for these types of esters in industry and little 
reference was made to these products in literature until about 1930. Since 
1930, the use of glyceryl partial esters of fats and fatty acids has become 
rather widespread. Within the last four or five years, large quantities of 
these glyceryl derivatives have been consumed in the food, cosmetic, 
pharmaceutical and general chemical industries. 

There has always been a need for fats which would have the ability 
to emulsify readily in water or other liquids which may contain very 
small amounts of edible or inedible primary emulsifying agents and at 
the same time be partially or wholly soluble in other fats or unsapon- 
ifiablc oils, such as mineral oil and hydrocarbon solvents. 

Super glycerination of fats or fatty acids gives a product which pos¬ 
sesses such properties without the addition or incorporation of special 
non-fatty primary emulsifying agents. 

Monoglycerides made from fatty stocks are a step in the right direction. 
However, they are quite difficult to emulsify in water. To overcome this, 
monoglycerides sometimes contain admixtures of various types of primary 
emulsifying agents 5 per cent of sodium stearate) to produce what the 
trade describes as "self-emulsifying grades.” Normal fats therefore are 
changed chemically to a form that is readily dispersible in an aqueous 
solution without changing its normal oil solubilities. 

Thus industry has at its command fat-soluble surface-active agents 
of a pure fatty nature which will stabilize oil and solid mixtures—fat-water- 
milk emulsions—hydrocarbon oil-water emulsions and modifications of such 
industrial formulas too numerous to mention. They are suitable for use in 
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hoth oil-in-water and water-in-oil emulsions which makes their scope of 
application sufficiently far-reaching to be of interest in many industrial 

Pl The modification of normal fats through super glycerination increases 
the usefulness of such fats, producing specific effects in formulas and proces¬ 
ses which normal fats fail to give. 

The consumption of “monoglycerides” is growing at an exceptionally 
f t rate. Since very little information is available on the use of these 
“monoglycerides” in industry a full description of the products, their 

manufacture, uses and application is warranted. 

Partial glycerol esters, “monoglycerides,” namely mixtures of glycerol 
mono- and di- esters of various fatty acids, may be defined as products 
derived solely from reacting glycerine with a great variety of liquid and 
solid fats, fatty acids and certain waxes of relatively low unsapomfiable 
matter (see also page 350). 

Commercial products are actually mixtures of monoester and diester 
together with lesser amounts of triester and free glycerine. It must be 
remembered, however, that the monoester portion is responsible for the 
surface activity since this portion of the mixed ester is oil soluble and 
readily dispersible in water or aqueous fluids, to which very small amounts 
of primary emulsifying agents have been added—or which may already con¬ 
tain such natural emulsifieis as proteins, etc. The monoester is consider¬ 
ably more effective in reducing interfacial tension as compared to the dies- 
ter which contributes very little in this respect. 

Mono- and diglycerides are intermediate products in the digestion of 
fats. Being surface active, they facilitate emulsification and absorption of 
fats. Feeding experiments have shown that except for differences in caloric 
value, mono- and diglycerides are nutritionally equivalent to triglycerides 
of corresponding fatty acid composition”. 

Edible grades are prepared by reacting pure glycerine and bleached, re¬ 
fined and steamed deodorized fats or fatty acids. 

Fatty acids obtained through distillation or fractionation can also be 
employed. The acids may have a carbon content ranging from C8 to C20. 
It should be noted, however, that derivatives or partial esters are also 
prepared from lower carbon content acids and certain inorganic acids, such 
as acetic, boric, propionic, phosphoric and other lower molecular weight 
acids. Such products as glyceryl borate, glyceryl biborate, glyceryl phos¬ 
phate, glyceryl propionate are typical examples. Since the present discussion 
deals primarily with the true fatty series ranging from C8 to C20, typical 
examples of these products are given. 

In listing the products below it must be remembered that the “mono¬ 
glycerides” are essentially a mixture of monoglyceryl ester and diglyceryl 
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ester with very small amounts of triglyceryl ester. Relatively pure mono¬ 
glyceryl esters can be prepared by distillation but they are more expensive. 
The products commercially available arc as follows: 

Glyceryl partial esters of stearic acid (made from single-pressed, 
double-pressed or triple-pressed stearic acid.) The commercial 
name for this product is “Glyceryl Monostearatc.” The product 
can be made with varying monoester contents and buying speci¬ 
fications should be considered in evaluating the product. 

“Monoglyceride” of hydrogenated tallow, or tallow fatty acids. 

“Monoglyceride” of palm oil or palmitic acid. 

“Monoglyccride” of rosin. 

“Monoglyceride” of coconut oil or coconut oil mixed fatty acids. 

“Monoglyceride” of myristic acid. 

“Monoglyccride” of lauric acid. 

“Monoglyccride” of mixed vegetable or animal fats or fatty acids. 

“Monoglyccride” of hydrogenated fats and fatty acids. 

“Monoglyccride” of oleic acid. 

“Monoglyccride” of soya fat or soya fatty acid. 

“Monoglyccride” of lard. 

“Monoglyceride” of peanut oil. 

“Monoglyccride” of castor oil. 

The above “monoglycerides” are currently used in large quantities in 
various processes but a great many more “monoglycerides” can be added 
to the list by utilizing other typos of fats or combination of fats and fatty 
acids. 

The common method of preparing these esters is by reacting selected 
fatty acids with glycerine in the presence of suitable catalyst. 

Basically it is one of the mest simple reactions, namely, combining acid 
and alcohol to form ester and water. 

They have the general formula RCOOCII 2 CIIOIICII 2 OII in which R 
denotes the alkyl radical of the fatty acid. 

The mono- and diglycerides made from suitable fatty acids find consider¬ 
able use in the food field as emulsifiers, stabilizers, suspending and thick¬ 
ening agents. 

The use in shortening of monoglycerides of single fatty acids and of the 
mixed fatty acids of single oils has led to the development of a new class 
of cakes—the high sugar cakes. These cakes have higher proportions of 
sugar, shortening, milk and eggs than can be obtained by the use of ordinary 
triglyceride shortening. These emulsifying agents increase tenderness and 
extend shelf-life and the cakes are more palatable than are the older type. 
They are not intended as shortening replacements; instead they contribute 
to easy dispersion of fat within the dough system and help balance moisture 
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after baking'. Glycerol monostearate added to shortenings used in cakes 
results in an increase in the volume: weight ratio, amounting to 6 to 11 

^Particularly important has been the use of these glycerides as softening 
and antistaling agents for white bread which is sliced and wrappe^T o 
important compounds for this purpose are glycerol oleostearate and glycerol 
monostearate. The latter has also been used in high sugar cakes. 

When glycerol monostearate is added to the basic ingred.en^ dur.ng 
the manufacture of margarine, the final product is more stable and has less 
tendency to spatter during heating. This material is also used in candy, 
chewing gum and ice cream and as a protective coating for edible hygro¬ 
scopic powders. Glycerol monolaurate, in addition to being an emulsifying 
agent for edible materials, is a lubricant in the drum drying of such products 
as Irish moss; is an excellent dispersing agent, reducing foam m solutions of 
proteins and similar materials; and is used as a dry cleaning soap base 
Glycerol monooleate is an emulsifying agent for food and pharmaceutical 
emulsions. Glycerol monoricinoleate is not edible but is an excellent emul¬ 
sifying agent, suitable as a plasticizer for synthetic rubbers and as a solvent 
for oil-soluble dyes which can then be emulsified in water. 

This group of compounds finds many additional uses as emulsifying 
agents for cosmetics, oils, waxes and solvents. 


Resins 

Ester Gums. Ester gum is the name applied to the glycerine esters of 
rosin. It is made by esterifying glycerine with 8.5 to 10.5 parts of rosin at 
temperatures between 230 and 290°C. By this means, a relatively neutral 
gum is obtained which is somewhat harder and more water resistant than 
the original rosin, and has a very greatly expanded field of usefulness. 

The most important specifications for ester gum are acidity, softening 
point, and color. Odor, and sometimes taste, are also important in de- 
termining its acceptability. 

Acidity. Most currently used ester gums have acid values in the range 
between 6 and 10. Since esterification is never complete, sizeable excesses 
of glycerine over the stoichiometric requirements are used to reduce the 
acidity to these values. This gives rise to hydroxyl contents of between 
0.35 and 1.0 per cent representing partial esters of glycerine. 

Softening Point. The softening point is primarily regulated by the con¬ 
stituents of the parent rosin and it is ordinarily about 8-10°C higher for 
a gum rosin derivative than for a comparable wood rosin product. On the 
other hand, variations in constitution of esters made from the same rosin 
affect softening point by as much as 6°C. It is a generally accepted fact 
that the softening point increases as the average composition of the esters 
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approaches that of triglyceride of rosin acids 51 . Commercial ester gums 
have softening points within the range of 88 to 10G°C by the Hercules ' 
drop method. 

Color. Access of air and/or presence of dissolved heavy metals cause im- 
mediate and substantial discoloration of a hot ester-gum melt. The color 
of wood rosin ester gum made under ideal conditions from C. P. grade 
glycerine should be substantially better than that of the parent rosin 
Complete freedom from unreacted glycerine or dirt will insure a brilliant 
appearance. 

Odor and Taste. Overheating during processing can give rise to an acrid 
characteristic “burned” odor. Volatile rosin oils which have disagreeable 
odor and taste may be largely eliminated by sparging with steam. 

The quality of ester gum (and its modifications) which is most responsible 
for its wide use is its compatibility (unequalled among hard resins) with 
a large variety of synthetic and natural materials. It contributes gloss 
and adhesive qualities with a fairly high degree of water resistance to 
lacquer formulations, varnishes, and paint and printing ink vehicles. It 
also finds its way in volume to wax formulations, products of the textile 
industry, and is used in the manufacture of chewing gum. 

Alkyd Resins. Glycerine-based alkyds* are widely used for surface coat¬ 
ings because they retain their original gloss and appearance throughout a 
long protective life. Other finishes have excellent and in some cases superior 
protective features, but alkyds from glycerine are still pre-eminent in the 
field where lasting beauty is desired. They can, upon suitable modification, 
be rapidly applied by all known methods and quickly cured either by air 
drying or baking. They have replaced fast-drying lacquers and varnishes, 
and at the other extreme provide the basis for valuable heavy-duty weather¬ 
proof paints. 

The first polymeric ester described in the literature was made by Ber¬ 
zelius, in 1847, from tartaric acid and glycerine 8 . The reaction of succinic 
acid and glycerine, to give a gelled, insoluble mass, was carried out by 
von Bemmelen in 1856 6S . Watson Smith, in England, reported a glyceryl 
phthalate product in 190 l w . 

The early glycerine-based alkyds were developed by the electrical in¬ 
dustry, which was searching at that time (1910-1915) for synthetic resins 
with suitable properties for use in insulation and as binders for molded 
parts. By 1914, patents had appeared under the names of Callahan 14 , 
Arsem 3 , Dawson 19 and Howell 35 . (See also numerous British patents to 
the General Electric Company and affiliates describing glyceryl phthalate 

• Tim word “alkvd” was coined by R. II. Kienle in the late twenties to designate 
polymeric ester resins. It has since been generally used as a generic term for all 
modifications of these materials. 
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resins modified with oleic acid and castor oil.) These developments were 
largely empirical, however, and no sound theoretical background m this 
field existed for many years. In the meantime, the Gills and Conover pi ocess 
(1918) for the manufacture of phthalic anhydride by the oxidation of 
napthalene had appeared and markedly improved the commercial at¬ 
tractiveness of products based on phthalic anhydride which formerly had 
been a relatively rare and expensive chemical. 

In 1927, Kienle filed a patent application 38 which clearly described a 
“mixed ester of glycerol, phthalic acid and (drying oil) fatty acid,” i.e., 
the drying oil was conceived as an intrinsic part of the resin. This patent 
was later invalidated (1935) but by then the chemistry of alkyd manufac¬ 
ture was clearly understood, the actual commercial production was in excess 
of 34 million pounds yearly and growing rapidly. 

The polyesters are made by esterification of a dibasic acid and a poly- 
hydric alcohol, such as glycerine. Because glycerine has three reactive 
hydroxyl groups, nonlinear ester molecules are built up as the reaction 
with a dibasic acid continues, and, if the reactants are present in near 
stoichiometric amounts, gelation occurs at an early stage with the pro¬ 
duction of an insoluble, infusible, and highly acidic product. 

Kienle 30 and co-workers studied such reactions between glycerine, 
phthalic alhydride and a number of other dibasic acids. They found that 
gelation occurred when the reaction was about 75 per cent completed, and 
that even just prior to gelation large amounts of low-molecular weight 
material were present. This observation and data from other similar ex¬ 
periments have been convincingly interpreted by Flory 20 , who showed that 
macromolecules of very great size and complexity had been formed at the 
gel point. The polyester mixture could still have been in a state of extreme 
heterogeneity in regard to molecular size without interfering with the ap¬ 
pearance of gelation phenomena. 

Let us consider what happens in preparing alkyd resins by heating 
mixtures of glycerine, phthalic anhydride and increasing amounts of fatty 
acid. In proportion to the amount of fatty acid used, there will be fewer 
opportunities for chain branching to occur and gelation will be progres¬ 
sively deferred. Serious gelation difficulties are encountered until at least 
one mole of fatty acid is present for every two of glycerine. Thereafter, 
the most highly useful compositions may be prepared. The upper limit of 
fatty acid modification is reached when triglyceride oils must inevitably 
be formed as the esterification is pushed to completion, i.e., when the fatty 
acid:glycerine molecular ratio is higher than 2:1. 

Essentially the same results can be and are accomplished for many 
practical purposes by introducing the fatty acids in the form of mono- 
glycerides. Crude monoglycerides for this purpose are prepared by pre- 
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reacting natural oils with glycerine in the presence of alkaline catalysts 
until an alcoholysis equilibrium is attained. The entire mixture is then 
esterified with phthalic anhydride. Going a step further with this principle 
it has been shown that glycerine ethers and glyceryl phthalimide may be 
similarly introduced into alkyd resins, with advantageous results 33, 41 , 73 . 

In addition to the whole range of natural fatty acids and oil, synthetic 
modifications of these are making their appearance in alkyds. Styrenated 
fatty acids are a good example. They are copolymerization reaction products 
of conjugated fatty acids and styrene which may be used directly for making 
hard, fast-drying glycerine-based alkyds®. 

Beside the fatty acids, benzoic, toluic and other monofunctional acids 
including rosin are regularly used in small amounts as replacements when 
the strong plasticizing (or softening) effects of the fatty acids are to be 
avoided. 

Dibasic acids other than phthalic are used in alkyd resins, and their 
importance is increasing as the properties of alkyds are modified to adapt 
them to fields outside the surface-coatings industry. Aliphatic dibasic 
acids impart flexibility; their contribution in this respect increases with 
chain length. Maleic anhydride sometimes directly replaces part of the 
phthalic in conventional alkyds, or (by preliminary Diels-Alder synthesis) 
forms other diacids which are in turn valuable components for alkyds. 

The composition of glyceryl phthalate alkyds is commonly expressed in 
terms of oil content or “length*’ calculated as per cent triglyceride. Of 
course, it is recognized that little or no fatty material is ordinarily present 
in this form. Depending on the oil content, the alkyds are hard, brittle 
resins, soft solids, or viscous liquids. 

Alkyds made from non-drying oils are stable and retain their original 
physical properties indefinitely. Alkyds made with semidrying or drying 
oils may be extremely air-reactive and exhibit drying speeds which far 
exceed those of the particular oil used. This is a result of the now greatly 
increased functionality (in respect to single and conjugated double bonds) 
of each new polymer molecule, as compared to the units of the original 
oil. Thus fast-drying alkyds are made from semidrying oils, and semidrying 
alkyds can be made from oils of intermediate classification such as those 
from peanuts and cottonseed. 

The film properties of alkyd resins in surface coatings are logically re¬ 
lated to their oil content. Brushing qualities and solubility in mineral spirits 
improve with increased oil length. Complete mineral-spirit solubility is 
attained at oil content of 56 per cent or higher. Alkyds of lower oil content 
are ordinarily made up in high-aromatic petroleum solvents or in xylene or 
xylene-butanol. Durability and thoroughness of drying in air increase 
to an intermediate point with increasing oil length. Drying under baking 
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conditions depends primarily on extension and interlocking of the glyceryl 
phthalate chains, and durability of the film formed under these conditions 
is adversely affected by high oil content. Such other properties as short 
setting time, hardness and light color are likewise primary attributes of 
glyceryl phthalate rather than of oil. For this reason, alkyds which are 
sold on the basis of their color and resistance to discoloration on ageing or 
baking are made with as little oil as is consistent with the desired applica¬ 
tion. The use of Unseed or other highly unsaturated oil is avoided. In prac¬ 
tice, every alkyd is the result of planned compromise between the properties 


Table 11-1. Oil “Length” Classification of the Usual 
Alkyd Solutions 



Oil 


Annlir .1 f inn 

Designation 

Type 

Content 

solvent 

I 1 lllLipat 4i)i|iiivaviyu 


(%) 



Short 

Nondrying 

30-42 

Aromatic 

(with other resins) 
baked films 

Medium 

Nondrying 

42-50 

(Ketones) 

plasticizers in baked 


aromatic 

films or lacquers 

Short 

Drying, semidrying 

30-42 

(Ketones) 

in baked and air dried 


aromatic 

films, alone or mixed 

Medium 

Drying, semidrying 

42-52 

Mixed aro¬ 

enamels, paint vehicles 



matic 

aliphatic 



Medium 

Drying, semidrying 

52-56 

Mineral 

enamels, paint; some 

long 



spirits 

used in brushing ap¬ 
plications 

Long 

Drying, semidrying 

56-65 

Mineral 

exterior paints, enam¬ 


spirits 

els; brushing appli¬ 
cation 




of the ester base and those of the oil or other modifier. Oil “length” clas¬ 
sifications and typical applications of some alkyd solutions are given in 
Table 11-1. 

Nondrying alkyds are usually based on coconut and castor oils. They are 
almost indispensable as plasticizers in baked films with urea or melamine, 
resins, and are similarly used as important constituents of nitrocellulose 
lacquers. Their color and color retention are excellent, which adapts them 
to the high-quality finishing of refrigerators, stoves, and washing machines. 

The drying-type alkyds are made principally with soy, dehydrated castor 
and linseed oils. (Tung oil is rarely used in alkyds.) Those of “short” 
oil classification are used alone in baked or air-dried finishes, and produce 
very hard, glossy surfaces. They are often recommended for use with urea 
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and melamine resins, and in oxidizing lacquer formulations. Baked coatings 
for Venetian blinds, metal cabinets, cans and caps, and automobiles are 
made with this type alkyd. 

The “medium” oil alkyds all retain in some measure desirable properties 
of the “short” alkyds and are used in similar ways. They are cheaper, re¬ 
quire less expensive solvents, and are probably more often used alone. They 
show better exterior durability characteristics and some of them can be 
applied by brushing. These may be used in architectural finishes, porch and 
deck paints, structural primers and industrial finishes. 

The “long” oil alkyds are used in exterior (pigmented and unpigmented) 
and marine finishes, where they are remarkable for outstanding durability. 
They also form films of such extreme flexibility as are useful (for example) 
in coating tooth paste tubes. 

The use of solid or liquid alkyds in aqueous dispersions or emulsions was 
contemplated many years ago. Because of their wide range of properties, 
they have been found amenable to use in this form either alone or as com¬ 
binations with drying oils and other synthetic resins. Emulsion type casein 
paints based on oil modified glyceryl phthalate alkyds have been widely 
recognized for ease of application and superior durability when applied to 
exterior masonary surfaces 26 * M . 

The “soft” alkyds prepared from aliphatic dibasic acids such as sebacic 
and adipic have been used as plasticizers and as the vehicles for caulking 
compounds. If drying oils are also used with these acids, flexible, durable 
coatings arc possible for fabrics, rubber articles, and cables. 

Cellophane and Paper 

Glycerine is widely used as a plasticizer for cellophane. After the re¬ 
generated cellulose film is cast, desulfured, bleached and washed, it is 
passed through a glycerine solution of high purity. It is then dried. 

The cellophane retains between 10 and 20 per cent (usually about 17 
per cent) of its weight of glycerol, which imparts the necessary pliability to 
the finished product and prevents excessive shrinkage. Its mode of action 
is not definitely known 63 . Possibly the glycerol is held by absorption in a 
monomolecular layer on the ends of the cellulose micelles. 

Any material in contact with foodstuffs must be nontoxic under all con¬ 
ditions of storage and usage, for it has been shown that plasticizers can be 
absorbed from cellophane by food. Glycerine, being an edible substances, is 
the preferred plasticizer for food wrappings. 

Large quantities of glycerine are used in the manufacture of various 
types of paper products. The compound is used chiefly as a plasticizer, 
its function being twofold: (1) that of a humectant and (2) that of a fiber 
lubricant. In addition it acts to prevent shrinkage. The effects of glycerine 
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upon an experimental sulfite paper are shown in Figure 11-1. The quan¬ 
titative values will change with the type of paper and method of applica¬ 
tion but the trends will be similar to those shown 36 . 

It finds use in many types of papers—creped, tissue, glassine, parchment, 
parchment-like and waxed. It is useful in treatments for flame-, water- 
and grease-proofing. Adding glycerine to sizing compounds helps to equalize 



Figure 11-1. Effect of the applicution of glycerine to experimental sulfite paper. 

the shrinkage coefficients of the paper and size and thus aids in the pre¬ 
vention of wrinkling. It is used as a softening agent for paper towels, 
tissues, and napkins and in sealing compositions for cardboard and metal 
contains. Its use often eliminates the need for racking papers to adjust their 
moisture contents prior to printing or other operations 43 . 

Explosives 

Glycerol itself is not explosive but can be nitrated to form the explosive, 
glycerol trinitrate, commonly known as nitroglycerine. The manufacture 
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and physical properties of this important glycerol derivative are described 
on page 3G2. 

When first discovered in 1847 by Ascanio Sobrero, nitroglycerine was only 
a laboratory curiosity, too dangerous for any special use. Alfred Nobel 
recognized its importance as a blasting agent and, in 1867, founded a new 
explosives industry when he used an inert material such as kieselguhr to 
absorb the nitroglycerine and make it less dangerous. This new explosive 
he called dynamite. Eight years later he invented blasting gelatin, which 
is a solution of nitroglycerine in nitrocellulose. The next development in 
the nitroglycerine explosives field was the powder, ballistite, obtained by 
gelatinizing 60 parts of a low nitrated cotton with 40 parts nitroglycerine. 

The glycerol trinitrate explosives in use today are modifications of these 
original materials. Dynamite is predominantly an industrial explosive. In 
the United States it is usually composed of nitroglycerine mixed with a 
fuel, such as wood flour or meals, and oxidizing salts, such as ammonium and 
sodium nitrates. These materials absorb the nitroglycerine and are present 
in such proportions as to provide an amount of available oxygen sufficient 
to convert the hydrogen present to water and the carbon to carbon dioxide, 
including the paper wrapper. As a result, there is a minimum production 
of poisonous gases 13 . All present-day commercial dynamites manufactured 
in the United States are low-freezing, which property is obtained by replac¬ 
ing a part of the nitroglycerine by a freezing-point depressant in the form 
of another explosive such as diglycerol tetranitrate, ethylene glycol di¬ 
nitrate, or an aromatic nitro compound. 

Today different dynamites are produced for a variety of specific uses, 
such as coal and metal mining, tunneling, quarrying, stripping, seismic 
prospecting, and oil-well shooting. Blasting caps, sometimes known as 
detonators, are required for their initiation. These explosives under many 
conditions are sensitive to shock, inflammation, or moderate friction and 
should, therefore, be handled carefully and only by experienced personnel. 
Straight nitroglycerine dynamites, in strengths from 15 to 60 per cent, have 
a quick action and a shattering effect. The strength markings (15-60 per 
cent) on Straight dynamite show the percentage of nitroglycerine present 
in these compositions. When a part of the nitroglycerine in Straight dyna¬ 
mites is replaced by ammonium nitrate, the products are known as Am¬ 
monia or Extra dynamites. In this case, the strength markings do not refer 
to the nitroglycerine content but indicate a strength equal to a corresponding 
straight dynamite. The Ammonia dynamites and modifications thereof to 
make them permissible for coal mining represent the largest single type of 
dynamite used in the United States today. Gelatin dynamite is a colloidal 
solution of nitroglycerine and nitrocotton absorbed on sodium nitrate and 
wood flour. This material is produced in strengths from 20 to 90 per cent 
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and is especially suitable for underwater blasting; the grades from 20 to 60 
per cent form the least amount of poisonous gas of any type of explosive. 
When a portion of the nitroglycerine-nitrocotton colloid of gelatin dynamite 
is replaced by ammonium nitrate, Ammonia gelatin dynamite is obtained, 
which has explosive characteristics similar to those of gelatin dynamite. 
Blasting gelatin is one of the quickest and most costly explosives used com¬ 
mercially, and partly because of the high cost finds very little application 
in the United States. It is a tough, rubbery material unaffected by water 
It is made up of nitroglycerine in which is dissolved about 8 to 10 per cent 
of nitrocotton to form a jelly, plus a small amount of material, such as 
chalk, as an antiacid. Commercial dynamites arc packaged in paraffined 
paper cartridges of varying diameters from % to 8 inches or more. 

Double-base powders, used in military and sport ammunition, usually 
contain from 60 to 80 per cent of nitrocellulose and 40 to 20 per cent of 
nitroglycerine. They are used where high potential and rapid burning are 

^ Cordfte, which is a modification of ballistite, is a smokeless propellant 
powder consisting of. 40 per cent of high nitrate guncotton and 60 per cent 
of nitroglycerine in which some petrolatum is incorporated. It was patented 
in Britain in 1889 and manufactured there as a military explosive. Modi¬ 
fication of Cordite are still used extensively by the British. Other countries 
use either gelatinized nitrocellulose alone or in combination with varying 
quantities of nitroglycerine as a basis for their smokeless powders 54 . 

Tobacco 

The major use for glycerine in the tobacco industry of the United States 
lies in cigarette manufacture, although some is used in processing cigar 
filler, pipe and plug tobacco and snuff. 

Glycerine serves both as a plasticizer and as a humectant in the treat¬ 
ment of tobacco for cigarettes. It also acts as a solvent and retainer of added 
flavors. After the ageing and blending of various tobaccos to give the 
desired mixture, the leaves are stripped from the stems and shredded to 
the size ordinarily seen in cigarettes To prevent breaking and crumbling, 
the leaf is sprayed with a “casing” mixture, composed mainly of glycerine, 
sugar and water, before stripping from the stem. This use of glycerine to 
the extent of approximately 3 per cent of the tobacco weight assures a 
moisture content in the tobacco of 12 to 14 per cent during the handling 
period. It enables treatment to be carried out without undue breakage in 
workrooms having a 60 per cent relative humidity. Glycerine plays its 
major role in this part of the operation, although, of course, its humectant 
action continues throughout the rolling and packaging processes. The 
finished cigarettes will have a 12 to 16 per cent moisture content de- 
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pending upon climatic conditions. Approximately 15 per cent is considered 
optimum. 

Any substance added to tobacco should be nontoxic and relatively non¬ 
volatile; it should have no unpleasant taste or odor. U.S.P. glycerine meets 
these requirements. 

A number of studies have been made of the effect of the humectants 
added to cigarette tobacco upon the irritant properties of the smoke 1 * 5 * 

6 . 23 . 3 i. 43. w. 60 Preponderance of opinion indicates that the humectants 
generally employed in cigarettes do not cause differences in the irritant 
properties of the smoke 25 . 

Textiles 

Glycerine has been used in the textile industry for nearly a hundred 
years, the first use being in France. It is utilized in spinning and weaving 
operations as a lubricant and conditioning agent for wool, cotton, silk, 
rayon and nylon. Because it is completely soluble in water it can be easily 
removed from fabrics without resort to the harsh scouring agents some¬ 
times necessary with other lubricants. 

It finds ready use in sizing compositions. It prevents these mixtures 
from becoming too dry and dusting out. It promotes uniformity of sizing by 
assuring a thorough penetration of size into the cloth fibers. In woolen 
sizing glycerine helps to increase yam softness and workability. 

Dyestuff pastes -utilize its hygroscopicity to absorb and retain moisture 
during ageing. It aids fixation and increases the color value of dyes when 
used in the pastes. Typical formulas contain about 5 per cent glycerine. 
Glycerine is used in resist preparations for producing special effects on 
textiles in the screen printing of rayons In the steaming of printed fabrics 
it helps to fix the printing colors by bringing about absorption of sufficient 
moisture. 

Gelatin adhesives plasticized with glycerine are suitable for the lamina¬ 
tion of cloth to make poison-gas-resistant fabrics. 

Glycerine is used to plasticize synthetic fibers. 

Complex glycerol derivatives have been used as detergent, penetrating 
and emulsifying agents during drying and wet process operations, and 
others have found use in crease-resistant processes. Some polyglycerol es¬ 
ters have been suggested as softening and conditioning agents for var¬ 
ious textile materials 12 . 

Glue and Gelatin 

The horn-like hardness of glue and gelatin can be modified to almost any 
extent by the addition of glycerine and water. Flexibility is first attained, 
then as more glycerine is used, the mixture can be made rubbery and 
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finally a permanently soft and tacky product is obtained. As the glycerine 
content is increased, the amount of water permanently held is increased 
and the melting point of the composition is decreased. 

Printers rollers are commonly made of a glue-glycerine composition. 
These rollers, which spread ink upon type, are subjected to constant abra¬ 
sive and compressive action. In addition to being tough and elastic, a 
good roller must be resistant to oils and solvents in printing ink and stable 
to changes in temperature and humidity. The exact proportion of the 
composition will vary with the grade of glue used and the consistency 
desired in the roller, but it will be in the region of 1 part of glue, 2 parts 
of glycerine and 1 part of water. Other substances may be added with 


Table 11-2. Glue-Glycerine Compositions* 


Composition 

30 Days Ageing 

- ---- 

ma 

Gluct 

Clyc. 

Water 

M. P. CC) 

Skint 

Resistance 

% Water at 
Equilibrium! 

Consistency 

M. P. CC) 

1 

1 

1.5 

87.5 

539 

7.1 

Stiff 

99 

1 

2 

1.85 

71 

468 

8.1 

Firm 

83 

1 

2.5 

2.4 

70 

436 

8.4 

Firm 

75 

1 

3 

3.1 

68 

378 

10.0 

Very slightly tacky 

72 


* The compositions were cast in 1 inch cubes and after removal from the mold 
were aged at 38°C in an atmosphere of 50 per cent relative humidity. Tests were 


made at room temperature. 

t Glue; 155 viscosity and 410-415 gel strength. 

X Skin Resistance; the force in grams necessary to cut the surface of the glue 
composition with a knife-edgo (razor blade) laid upon it. 

§ Per cent water; determined by Fischer titration. 

the glycerine to obtain the best possible combination of physical properties 
in the roller. A mixture of glycerine and sorbitol is very often used. Glycerine 
and invert sugar or glycerine and corn syrup are also used. 

Hectograph mass is made from similar compositions, the proportion of 
the ingredients being varied according to the conditions of use. The heat 
and humidity of summer weather make desirable a firmer composition than 
would be used in winter. A mixture of 2 parts of glue, 4 parts of glycerine 
and 1 part of water is for general use. 

Bottle caps, gelatin foil and capsules are made of gelatin plasticized 
with glycerine. Other glue and gelatin products in which glycerine is 
used are book-bindery adhesives, gas-tight fabrics and various grease-proof 
compositions. 

The data in Table 11-2 illustrate the range in physical properties of 
glue-glycerine mixtures which were aged for 30 and 60 days at 38°C in an 
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atmosphere of 50 per cent relative humidity. Tests were made at room tem¬ 
perature 4 . 

Cork Composition 

Cork composition is manufactured from glycerine, granulated cork and 
glue. The glycerine prevents drying out of the composition and maintains 
pliability and resiliency. Crown cap liners and composition cork stoppers 
are manufactured in great quantity. The nontoxicity requirement for 
plasticizers used in food closures is met perfectly by glycerine. Other 
cork composition products include gaskets for a variety of purposes, insoles 
or platform soles for shoes, roll coverings in textile industries and cushioning 
materials of various sorts. 

To manufacture these products, the glycerine is added to a liquid mix¬ 
ture of cork granules and glue and the mass molded and pressed into 
shape. The ratio of glycerine to glue varies with the product but is usually 
about 4 or 5 parts of glycerine to one of glue. In gaskets, which must be 
soft and springy, a higher glycerine ratio is used, while for a hard, tough 
material, such as required for friction drives or polishing wheels, a lesser 
amount is used. 

Photography 

Glycerine is principally used in photography as a plasticizer for films 
and prints. If these are given a final rinse in a 5 or 10 per cent glycerine 
solution before being dried, the gelatin coatings on them will be plasticized 
and will not crack easily. They will also shrink less and thus cause the films 
and prints to curl less. Glycerine may be added to developing baths to 
decrease their surface tension and thus reduce the risk of air bubbles ad¬ 
hering to an emulsion surface. From 1 to 5 ml of glycerine per liter of 
solution has been recommended for this. Formalin hardening baths fre¬ 
quently contain glycerine to prevent cracking of the gelatin film. It is used 
in masking pastes, in touch-up materials, in mounting pastes and ad¬ 
hesives. When used in the solutions for processing color-film, it adds to 
their solvent and penetrating power. 

Leather 

The use of glycerine in leather treatment begins early with the treatment 
of the green hides and continues through to the utilization of the ground 
scrap leather. In the preliminary treatment of hides and skins to facilitate 
uniform tanning, sodium glycerophosphate has been employed 60 . Glycerine 
itself is used in other pretanning solutions, in tanning solutions with 
alum, sodium chloride and wheat flour for thin leathers 61 and with potas¬ 
sium chromate, boric acid and formic acid for sole leathers 16 . Glycerine 
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has many applications in the softening agents used during fat-liquoring 
or greasing processes. These operations are designed to make the tanned 
skins pliant and to increase the strength of the leather. It also reduces 
contraction of the leather during dry weather. Glycerine has been given 
first place in a comparative evaluation of the softening agents used in 
the preparation of casein-pigment compositions for coating leathers 74 . 

Antifreeze 

During periods of low glycerine prices glycerine antifreeze for automo¬ 
biles has been produced. A very satisfactory material can be prepared pro¬ 
vided a suitable corrosion-inhibitor is included in the formula 34 . Other anti¬ 
freeze fluids containing glycerine are used in automatic sprinkler systems 
and for glass defrosting. 

Lubricants 

Glycerine finds many uses as a lubricant where an oil-type compound is 
not satisfactory. Some examples are: as lubricant for carbon dioxide and 
oxygen compressors (glycerine is less soluble than oil in liquid carbon 
dioxide and more resistant to oxidation), as an air brake lubricant, to 
lubricate pumps and bearings where exposure to gasoline and similar fluids 
would result in solution of oil-type lubricants, as a lubricant for machinery 
handling foods, cosmetics and pharmaceuticals and in mixture with graph¬ 
ite, water, glycols or alcohols according to need. For high-pressure gauges 
and valves, soaps are sometimes added to increase the viscosity and lubri¬ 
cating qualities of glycerine. Glycerine-containing lubricants can be em¬ 
ployed under extremely low temperature conditions because of the low- 
freezing point of glycerine. For the lubrication of rubber surfaces, where 
oils and greases cannot be used because of their deteriorating action, glyc¬ 
erine finds frequent application. A mixture of this compound with glucose 
is used as a nondrying lubricant in the die-pressing of metal. 

Rubber 

Glycerine has been used with advantage as a vulcanizing medium; in 
special coatings for rubber and its substitutes; as a softener in the com¬ 
pounding of rubber latex, although it can be washed out; as a lubricant 
in the manufacture of molded goods and as a lubricant in other capacities 
for rubber surfaces. Rubber articles to be kept for a long time can be 
immersed in glycerine and will keep better than when exposed to air. 

Adhesives and Cements 

Glycerine is a useful plasticizer for adhesives that must be flexible, such 
as bookbinders’ glue, glue for leather belts, veneer glue and cellophane 
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adhesives. Such adhesives made from animal glue may contain about 5 or 6 
per cent of glue based on the dry weight of the glue, or about 2.5 or 3 
per cent in the solution. More or less glycerine may be used for greater 
or less flexibility. Dextrin adhesives may contain similar amounts of 
glycerine. Gum arabic adhesives may contain up to 10 per cent or more of 
glycerine in the complete adhesive solution. Glycerine may also be used 
with starch, casein or silicate, usually in amounts less than 5 per cent of the 
complete adhesive solution. Such products are used for sealing cartons and 
pasting labels to glass or metal. 

Some cement compounds contain glycerine. Chief of these is the water¬ 
proof and acid-resistant litharge glycerol cement (see page 385). A good 
litharge cement should attain maximum hardness in 20 hours. Fillers such 
as silica, asbestos or iron powder have been used with the cement. 

Agriculture 

In experiments with tomato seedlings prepared for transport, dilute 
solutions of glycerine have been used to moisten the peat moss placed 
around the roots. Ordinarily water is employed. The glycerine reduces 
damaging drying of the roots if they are stored improperly or too long. While 
the optimum concentration of glycerol varies with the conditions to be met, 
benefits over the water treatment may be shown with glycerol concen¬ 
trations of 0.1 to 10 per cent. Mortality and incidence of stem cauker were 
substantially decreased and an increase in yield was noted with the glyc¬ 
erine-treated plants 22 . . 

Insecticide and fungicide sprays may contain glycerine, which improves 

the adhesion of the spray residue. 

% 

Glass 

Glycerine has previously found use in the manufacture of safety glass, 
both as an ingredient of the alkyd resins used as bonding agents and in 
sheets for lamination. Glycerine-litharge cements (see page 385) are very 
suitable for glass-to-metal joining and for making chemical and water- 
resistant joints. Being water-soluble and of high viscosity, glycerine is good 
as an abrasive carrier for glass grinding. It is also used in chemical etching 
fluids and in glue-glycerine sheet compositions for stencils in the sand¬ 
etching of glass. It finds a place in glass-masking solutions for protection 
during spray painting and in glass-marking inks of various kinds. 

Glycerine is used in spectacle cleaners of various sorts, both of the 
liquid variety (containing alcohol, water and glycerine) 45 and of the paste 
type (containing a soap and glycerol) 1 . Glycerine antifogging mixtures for 
spectacles and goggles arc similar materials. 
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Cleaning Agents 

Glycerine is an ingredient of many cleaners and polishes for metals, 
leather goods and furniture. It is used in leather and saddle soaps, rug 
paste soap, synthetic detergents, wetting agents, polishes, cleaners and 
dressings, wax emulsions and optical waxes. By attracting and holding 
moixture, glycerine prevents polishing pastes from drying out and prevents 
the drying out and “dusting off” of polishing cloths. Glycerine is also 
used in polishes of the emulsion type. In addition to its use as a hygroscopic 
agent it has been used as a suspending agent for the abrasives contained in 
certain types of metal polishes and in the dipping solutions for metal polish¬ 
ing cloths containing mild abrasives. Metal cleaning compounds based on 
chemical action are usually intended for industrial use. They often contain 
glycerine as an ingredient. Another product sometimes containing glycerine, 
but one which has limited use today, is stove polish or blacking. The amount 
of glycerine in these preparations varies from a fraction of 1 per cent to 
nearly half the total weight, although the most usual percentage if about 
five. 

Electrical Equipment 

Glycerine finds many applications in the field of electrical equipment. 
While not by any means its only use, many patents cover the use of glyc¬ 
erine in electrolytes for electrolytic condensers. Usually these materials are 
combinations of glycerine with boric acid or sodium borate 37, M . A liquid 
electrolyte which sets solid upon cooling can be made from glycerine, boric 
acid and urea or aniline 58 . This material can be used for impregnation of a 
cloth roll; it can be used as a casing; or it can have a casing molded directly 
around it. Glycerine is sometimes employed in electric batteries as a 
constituent of the electrolyte. 

Metals 

Glycerine “foots” added to cadmium cyanide plating baths will produce 
bright surfaces 50 . Glycerine in zinc sulfate plating baths increases the 
throwing power of the solution and improves the quality of the deposit 49 . 
It has also been used in electroplating solutions for tungsten and in electro¬ 
stripping solutions for nickel. Used in solutions for anodizing aluminum, it 
prevents excessive etching and helps to form a smooth surface. Fluxes for 
soldering and galvanizing that contain glycerine wet the metal better and 
remain fluid on the hot metal. Glycerine quenching baths for steel are inter¬ 
mediate to water and oil in their cooling effect. 
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Miscellaneous 

Glycerine may be used for the drying of gases, particularly illuminating 
gas 70 . The gas is passed countercurrent to the glycerine. Glycerine of about 
85 per cent concentration is put into the system and the spent glycerine 
is reconcentrated in a vacuum evaporator. The use of glycerine more 
concentrated than 85 per cent is apt to cause foaming. Mixtures of glycerine 
and calcium chloride have also been used. 

Absolute alcohol can be prepared with the aid of glycerine. Various 
procedures have been used, but in the majority of methods alcohol-water 
vapor is passed countercurrent to glycerine. The glycerine may contain 
small amounts of certain anhydrous salts, such as CaClj, KjCOj or ZnCli, 
in solution to increase the drying efficiency 47 . 

Air filters for the removal of dust can be moistened with glycerine of 
of about 50 per cent concentration and containing about 0.2 per cent of 
glue to increase its viscosity. Filters treated in this way are easily cleaned 
by washing with water. 

Durable soap films for experimental work may be made from a solution 
of 1 ounce of castile soap in 8 ounces of distilled water to which 4 ounces 
of glycerine are added after the soap has dissolved. The solution should 
be allowed to settle and the clear portion used. The proportions can be 
varied as needed and substances such as gum arabic and methyl cellulose 
may be added. 

Transparent soaps may be made by the addition of glycerine. In one 
method, 1 part of alcohol and 1 part of glycerine for each 2 parts of fatty 
acid in the soap are added to the soap when it is in the crutcher. 

Glycerine solutions can be used to fill the refrigerator cans used in 
transportation of foods. These cans are frozen at a central station and 
then packed beside the food in trucks (see Table 7-45, p. 290). The glycerine 
has an advantage over brine in that accidental spillage on food can be 
easily washed off and will leave no strong-tasting or objectionable residue. 
Glycerine solutions can also be used in hospital ice bags. The solution is 
permanently sealed in the bag and frozen in a refrigerator to be ready 
when needed. The glycerine causes the ice to form in small crystals instead 
of a solid cake. 

Glycerine is a component of many hydraulic fluids used in such places 
as shock absorbers, recoil mechanisms, hydraulic brakes and door checks. 
Other materials such as the lower alcohols, castor oil and soaps may also 
be used with the glycerine to give a proper balance of physical properties 

to the fluid. . f . , 

Glycerine is used in some specialized packings such as those which must 

be resistant to high temperature, high pressure or organic solvents (e.g. 
gasoline). 
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Its plasticizing and humcctant properties are useful in the manufacture 
of artificial leather, ceramic and water colors, modeling clay and fire re¬ 
tardant preparations for paper and textiles. Glycerine derivatives, such as 
its esters and ethers are solvents or plasticizers for various resins, plastics 

and lacquers. . 

Static electricity, which interferes with the handling of paper in printing 
presses, can be controlled by a film of glycerine on the charged parts 

which are in contact with the paper. 

Glycerine is used in inks which must not dry quickly, such as stamp 
pad ink and ink for automatic recording instruments. It is also used in 
many of the non-oily type of printing and lithographic inks. 


Table 11-3. Glycerine Used in the United States in 1950* 


Use 

Lbs of 
Glycerine 

1 

Use 

Lbs of 
Glycerine 

Alkyds and ester gums. 

70,000,000 

30,000,000 

Foods and beverages. 

Adhesives.• • • • 

5,250,000 

5,000,000 

Explosives . 

30,000,000 

26,700,000 

12,000,000 

12,000,000 

11,000,000 

Margarines and shortening. 
Textiles. 

4,800,000 

4,000,000 

Cellophane.. .. 

Cosmetics and dentifrices. . 

Drugs and pharmaceuticals. 

Glassine and grease-proof 
paper. 

3,000,000 

1,500,000 

Miscellaneous.. 

14,040,000 

Dorks anu gasKeto. 

Paper. 

5,500,000 



Printers’ supplies and inks.. 

r rnn ivin 

Total. 

240,290,000 

o, «juu, uw 


1 

• Compiled by the Association of American Soap and Glycerine Producers, Inc. 


Summary of Glycerine Uses in the United States 
Table 11-3 indicates the magnitude and relative importance of the 
major uses of glycerine. 


References 

1. Andrews, A. H. Jr., el al ., Laryngoscope, 67 , 211-225 (1947). 

2. Arenson, S. W., Food Industries, 22, 1015 (1950). 

3. Arsem, W. C., U. S. Pat. 1,098,777-8 (June 2, 1914). 

4. Assoc, of American Soap & Glycerine Producers, Inc. Research Laboratories, 

unpublished work. 

5. Ballenger, H. C., Arch. Otolaryngol., 29, 115-123 (1939). 

6. Ballenger, H. C., and Johnson, V. H., Arch. Otolaryngol., 26, 75-80 (1937). 

7. Bennett, H„ "Chemical Formulary,” Vol. 2, p. 482, New York, Chemical Pub- 

lishing Co. (1935). 

8. Berzelius, J., Rapport Annuel, 26 (1847). 

9. Bhow, N. R., and Payne, H. F., Ind. Eng. Chem., 42, 700 (1950). 













448 


GLYCEROL 


10. Brown, Ethan A., Gorin, Manuel H., and Abramson, Harold A., U. S. Pat. 

2,430,450 (Nov. 11, 1947). 

11. Brown, Ethan A., Ivrabek, Wilfred, and Skiffington, Rita, New Engl J. Med., 234, 

462-472 (1946). 

12. Bruson, H. A., (to Rohm & Haas Co.) U. S. Pat. 2,284,127 (May 26, 1942). 

13. Cairns, W. R., Explosives Engineer, 20, 159 (1942). 

14. Callahan, M. J..U.S. Pats. 1,091,627; 1,091,628; 1,091,732 (Mar.31,1914); 1,108,329; 

1,108,330; 1,108,332 (Aug. 25, 1914). 

15. Campbell, W. B., Brit. Pat. 334,848 (Feb. 25, 1949). 

16. Corbett, W. J., and Tracy, P. H., Formulas for Icc Cream with Reduced Carbohy¬ 

drate Content, Circ. 493, Univ. of Illinois, College of Agriculture, Urbana, Nov. 
1939. 

17. Daum, Ruth, Hallidny, E. G., and Hinman, W. F., Oil & Soap, 19, 39-41 (1942). 

18. Davis, J. G., J. Dairy Research, 9, 80 (1938). 

19. Dawson, E. S., Jr., U. S. Pats. 1,085,112; 1,141,944 (June 8, 1915). 

20. DcGrootc, Melvin, Am. Perfumer, 16, 372-374 (1920). 

21. DcGroote, Melvin, Tea <fc Coffee Trade J., 40, 502-504 (1921). 

22. Du Puis, R. N., The Conner (April 1, 1939). 

23. Du Puis, R. N., Lenth, C. W., and Scgur, J. B. (to Assoc, of Am. Soap and Glyc¬ 

erine Producers, Inc.) U. S. Pat. 2,166,806 (July 18, 1939). 

24. Durrah, W. A., U. S. Pat. 1,525,272 (Feb. 3, 1925). 

25. Fabricant, Noah D., Am. J. Med. Sci., 211, 505-509 (1946). 

26. Federal Standard Stock Catalog. Specification TT-P-18 (July 2, 1947). 

27. Federal Standard Stock Catalog. Specification Z-C-67la (Jan., 1936). 

28. Flinn, F. B., Laryngoscope, 46. 149-154 (1935). 

29. Flory, P. J., J. Am. Chem. Soc., 63, 30S3-3090 (1941). 

30. Goodman, Cosmetic Dermatology, p. 51, 278, New York, N. Y., McGraw-Hill 

Book Co., Inc. (1936). 

31. Holingcr, P. II., ct al., Laryngoscope, 66, 762-779 (1946). 

32. Holland, M. O., Am. Profess. Pharmacist, 3, 16 (1938). 

33. Hoover, K. H., U. S. Pats. 1,853,049 (Apr. 12, 1932); 2,133,702 (Oct. 18, 1938). 

34. Hoover, K. H. (to Assoc, of Am. Soap and Glycerine Producers, Inc.,) U. S. 

Pats. 1,970,564 (Aug. 12, 1934) and 2,080,422 (May 18, 1937). 

35. Howell, K. B., U. S. Pat. 1,098,728 (June 2, 1914). 

36. Institute of Paper Chemistry. Appleton, Wise. Unpublished work. 

37. Jahrc, R., Brit. Pat. 473,473 (Oct. 13, 1937). 

38. Kienle, R. H., U. S. Pat. 1,893,873 (Jan. 10, 1933). 

39. Kienle, R. II., van dcr Muclcn, P. A., and Pctke, F. E., J. Am. Chem. Soc., 61, 

2258-2268 (1939). 

40. Lain, E. E., .4rc/». Dermatol. Syphilol., 44, 257 (1941). 

41. Lawson, W. E., U. S. Pat. 1,909,197 (May 16, 1933). 

42. Lc Clorc, J. A., and Bailey, L. II., Cereal Chem., 17, 279 (1940). 

43. LcfTingwell, G., and Lesser, M., Paper Trade J., 109, #2, 17-21 (1939). 

44. Lenth, C. W., Food Industries, 11, 678-679 (Dec. 1939). 

45. Lesser, M. A., and Lefiingwcll, G., Chem. Ind., 40, 59 (1937). 

46. Locatclli, A. M., and Bowden, S., Pharm. J., 146, 251 (1941). 

47. MacArdlc, Donald W., "The Use of Solvents in Organic Chemistry,” p. 54-55, 

New York, D. van Nostrand Co. (1925). 

48. McNally, W. D., Bergman, W., and Foster, R. H. Iv., Illinois Med. J., 87, 250- 

252 (1945). 



USES OF GLYCERINE 


449 


49. Mathers, F. C., and Guest, W. J., Trans. Eleclrochem. Soc., 78, 339-344 0940). 

50. Mathers, F. C., and Guest, W. J., Trans. Eleclrochem. Soc., 78, 345-347 (1940). 

51. Matticlo, J. J., “Protective and Decorative Coatings”, Vol. I, p. 298, New 

York, John Wiley & Sons, Inc. (1941). 

52. Mattson, F. H., Baur, F. J., and Beck, L. W., J. Am. Oil Chemists' Soc., 28, 

386-390 (1951) 

53. Mcnaker, A. J., Oil, Paint and Chem. Rev., p. 36 (Mar. 16, 1950). 

54. Military Explosives, Technical Manual No. 9-2900, Washington, D. C., War 

55. Mulinos, M. G., and Osborne, R. L., Proc. Soc. Exptl. Btol. Med., 32 , 241-245 

(1934); New York State J. Med., 36, 590-592 (1935). 

56. National Formulary IX, Washington, D. C. ( American Pharmaceutical Asso¬ 

ciation (1950). 

57. Ovson, L. D., Food Industries, 6, 502 (1933). 

58. Pitt, T. A. (to Dubilicr Condenser Corp.) U. S. Pat. 2,078,772 (Apr. 27, 1937). 
59 Robinson, P. (to Sprague Specialties Co.) U. S. Pat. 1,998,202 (Apr. 16, 1935). 
60. Rohm, O., U. S. Pat. 1,977,973 (Oct. 23, 1934). 

Cl. Schibuk, M., Chem. Zcnlr., II. 3683 (1930) 

62 Scgur, J. B., and Hoover, K. H. (to Assoc, of Am. Soap and Glycerine Producers, 
Inc.) U. S. Pats. 1,853,151-2 (Apr. 12, 1932). 

63. Schutt, Richard S., and Mack, Edward, Jr., Ind. Eng. Chem., 26, 687-691 (1933). 

64 . Smith, E. D., and Smith, R. W., Southern Surgeon ( Atlanta , Georgia) 16,18 (1949). 

65. Smith, J. D., Am. J. Surg., 60 , 55 (1940). 

66. Smith, W. J., Soc. Chem. Ind., 20, 1075 (1901). 

67. Sosnovskii, L. B., Sosnovskaya, L. N., and Denotkina, E. M., Trudy 1 scnlral. 

Nauch-Issledovatcl Inst. Konditcrskoi Prom. 1939, H\, 119-152. 

68. von Bcmmelen, J., J. Prakt. Chem., 69, (1), 84 (1856). 

69. Wallace, G. B., Reinhard, J. F., and Osborne, R. L., Arch. Otolaryngol. 23, 306- 

309 (1936). 

70. Wcissclbcrg, Arnold, Chem. d: Met. Eng., 46, 418-421 (1938). 

71. Woodroof, J. G., Refrig. Eng., 37, 584 (1939). 

72. Woodroof, J. G., Private communication. 

73. Wright, H. J., and Du Puis, R. N., Ind. Eng. Chem., 38, 1303 (1946). 

74. Zeldin, S. P., and Ponomarenko, R., Org. Chem. Inc. ( U.S.S.R .) 3, 224 (1937). 

75 . -, Chemist and Druggist, 127, 601 (1937). 




INDEX 


Absolute alcohol, preparation of, 258, 446 
Acetaldehyde, 77, 206, 339, 398 
Acetals, 349, 376-S79 
Acetic acid, 339, 399 
Acetin, 344 
Acetobacter, 397, 398 
Acetylmethyl carbinol, 399 
Acid value, 19, 20 
Acrolein, 63, 339, S79, 386 
from fermentation of glycerol, 382 
test for glycerol, 171, 173 
/j-Acrose, 341 
Adhesives, 441, 443 
Aerobacter acrogenes, 397, 398, 399 
Agriculture, 444 
Air filters, 446 

Alcohols, higher, manufacture of, 71 
Alcoholysis, 74-76, 350 
Alkyd resins, 462-436 
Allyl alcohol, 81, 82, 342, 354 
Allyl amines, 81 
Allyl chloride 
chlorohydrins from, 356 
glycerol from, 81-83 
Allyl iodide, 342 

Aluminum sulfate, 90, 95, 96, 97, 99 
Amines, 369, 376 

Amino acid esters of glycerol, 347 
Ammonia, 375 

Analyses and tests for glycerol 
purification of samples, 167-171 
qualitative tests, 171-176 
acrolein formation, 171, 173 
color tests, 172-173 
derivatives, crystalline, 174 
in presence of glycols, 173 
periodate oxidation, 172 
quantitative analyses, 175-235 
acetin method, 184, 201, 225 
acidity, 178, 223 
alkalinity, 123, 178 
Amer. Oil Chemists’ Soc. Methods, 
176-198 


ash, 178, 223 

Assoc. of Official Agriculture 
Chemists’ Method, 205 
Bertram-Rutgers Method, 217 
beverages, 218 
cerate oxidation, 216 
color, 230-233 

dichromate oxidation, 187, 204, 205, 
227 

in diglycerol, 213 
in foods, 218 
in glycols, 207, 210 
International Standard Methods, 
222-230 

moisture, 193, 194, 199, 200 
odor, 234 

periodate oxidation, 189, 206 
permanganate oxidation, 215 
reduction with hydriodic acid, 216 
residue, total and organic at 160°C., 
182, 223 
in tobacco, 218 
Anodizing aluminum, 445 
Antifreeze solutions, 274, 443 
Antiseptics, 400 
»-Arabinose, 341 
Arsenic, test for, 158 
Artificial leather, 447 
Ash in glycerine, 138 
Aspergillus, 397, 400 
Auto ignition temperature, 290 
Autoclave splitting of fats, 59 
Autoclave Sweetwater, treatment of, 100 
Azeotropic mixtures, 254 

Bacillus, glycerol fermented by, 397, 399 
B. amaracrylus, acrolein formed by, 382 
Bacteria, glycerol as nutrient for, 397 
Bactericidal activity of glycerol, 400 
Bacteriostatic activity of glycerol, 400 
426 

Batyl alcohol, 371, 372 
Benzyl chloride, 373 
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Benzylidene glycerol, 349 
Beverages, glycerol in, 423 
Binary mixtures, 254 
Blackstrap molasses, fermentation of, 78 
Blasting gelatin, 1 , 3, 3G2, 438 
Bleaching glycerine, 140-142 
Boiling point 
of glycerol, £48-254 
of glycerol-benzene-ethyl alcohol, 258 
of glycerol-ethyl alcohol-water, 258 
of glycerol-salt-water, 250 
Borax, 3C5 
Boric acid, 3G4, 3G5 
British Anti-Lewisite, 375 
Butter, 25 
Butyric acid, 399 

Cakes, glycerino in, 425 
Calandria, 101 

Calcium glycerophosphate, 365 
Calcium oxalate, precipitation in pres¬ 
ence of magnesium, 3S4 
Calcium oxide, Gl, 9S, 100 
determination of, 384 
reaction with glycerol, 383 
Candy, glycerine in, 424 
Carbohydrates, hydrogenolysis of, 79 
Carbon, bleaching glycerine with, 141 
Cellophane, plasticizers for 
glycerine, 43G 
glyccrogcn, 80 
Centrifuges, 103-110 
Cephalin, 13 
Ceramic colors, 447 
Chemically pure glycerine, 155, 1G5 
Chimyl alcohol, 371, 372 
Chlorides in glycerine, 138 
Chlorination of propylene, 81 
Chlorohydrination of allyl chloride, 83 
Cigarettes, 439 
Citric acid, 1, 400 

Citromyces, utilization of glycerol by, 397 
Clostridium, utilization of glycerol by, 
397, 399 

Clostridium acetobutylicum, butyl alco¬ 
hol formed by, 398 

Clostridium bulylicum, butyl alcohol 
formed by, 398 

Clostridium butyricum, butyric acid 
formed by, 398 


Coconut, shredded, 425 
Color 

bleaching of, 140 
measurement of, 230-233 
standards, A.P.H.A., 233 
U.S.P. colorimetric solutions, 157 
Compressibility of glycerol, 319 
Conductivity, electrical, of glycerol, 318 
Contraction by solution, 245 
Cordite, 439 
Cork composition, 442 
Cosmetics, 427 
Crude glycerine 
salt crude. 107, 164 
saponification crude, 107, 104 
soap lye crude, 89, 115, 135, 164 
volatile impurities, 11G 
Cyroscopic constant, 275 
Crystalline glycerol, 27G 
Crystallization, rate of, 27G 
Culture media, 397 
Cyclopropane, 81 
Cyclopropanol, 342 

Decomposition of glycerol by heat, 116 
Dehydration of glycerol (chemical), 379 
Denige’s test for glycerol, 172 
Density 

of glycerol, 238-243 
of glycerol-methanol, 242 
of glycerol-water, 238 
at low temperature, 242 
of glycerol-water-ethyl alcohol, 243 
of glyccrol-water-cthyleno glycol, 243, 
275 

Dentistry, 401, 426 

Dextrose, hydrogenolysis of, 80 

Dielectric constant, 316 

Dicthylcne glycol, determination of, 207 

Diffusion, 327 

Diglyccridcs, 13, 343, 350, 351, 429 
determination of, 207 
Diglycerol, 367, 368 
analysis of, 213 
tetraacetate, 368 
tetranitrate, 363 
Dihydroxyacetone, 337, 338, 339 
formation by Acetobacler, 398, 399 
Dilution, calculation of, 245 
Disodium glyceroxide, 382 
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Dissociation constant, 316 
Distillation, 110 
analytical, 167-170 
continuous, 127 
equipment, 119 
fractional, 137 
operating procedure, 135 
yield. 120, 122, 124, 127 
a,0-Dithioglyccrol, 375 
Double base powders (explosives), 439 
Dried fruit, 424 
Drying gases, 446 
Duhring's rule, 252, 269 
Dynamite, 1, 3, 20, 362, 438 
Dynamite grade glycerine, 155, 161, 165, 
166 

Eggs, 423 

Electrolyte of batteries, 445 
Electrolytic condensers, 445 
Electroplating solutions, 445 
Electrostripping solutions, 445 
Emulsifiers, monoglyccrides ns, 428 
Endomyccs vcrnalis, formation of fat by, 
400 

Entropy, 295 
Epibromohydrin, 370 
Epichlorohydrin, 81, 352, 355, 570, 373, 
374 

Epoxide ring formation, 373 
Epoxide ring opening, 369 
Epoxy compounds, 369 
Escherichia, succinic acid formed by, 398 
Escherichia coli, utilization of glycerol 
by, 397, 399 

Escherichia freundii, trimcthylene glycol 
formed by, 398, 399 
Ester gum, 461-482 
Ester interchange, 74, 545, 383 
catalysts for, 350 
new glycerides by, 351 
Ester value, 19, 20 
Esters, 866-874 
inner, 369 
mixed, 371 
of glycerol 

with amino acids, 347 
with inorganic acids, 851-866 
with organic acids, 842-851 
physiological action of, 371 


poly glycerol, 366 
reaction with boric acid, 366 
Ethyl alcohol, 258, 399, 446 
Ethyl bromide, 373 
Ethyl bromoncetatc, 345 
Ethylene glycol, 80,172, 173, 190, 275, 323 
determination of, in presence of glyc¬ 
erol, 207, 215 

oxidation by periodate, 206 
Evaporators, 101, 102, 104 
Expansion 
adiabatic, 320 

cubical, of frozen solutions, 276 
thermal, 243 
Explosives, 487-489 

Extraction of glycerol with solvents, 170, 
296 

F-nitroglycerinc, 361 
Fats, 17. See also Glycerides, Oils 
amount used for soap, 30 
animal, liquid, 26 
solid, 25 

composition of, 14 
definition of, 12 
dietary consumption of, 17 
glycerol content of, 17, 19-20, 21 
hydrolysis of, 53 
by batch autoclaving, 59 
by continuous high-pressure process, 
61 

by Twitchell process, 56 
inedible 31 

natural synthesis of, 15 
production of, 16 

refining, continuous centrifugal proc¬ 
ess, 35 

kettle process, 34 

liquid-liquid extraction process, 38 
saponification of, 41 
vegetable, liquid, 22 
solid, 21 
Fatty acids 

from hydrolysis of fats, 53 
solubility of water in, 63 
structure of, 14 
Fatty alcohols, 72 
esters of, 371 
Fehling’s solution, 385 
Fenton’s reagent, 339 
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Fermentation 
of fat, 89 

of glycerol, 89, 398, 399, 400 
of sugar, 2, 76-79, 398 
Ferric chloride, 90, 95 
Fire point, 290 
Flash point, 290 

Flow point of antifreeze solutions, 274 
Flux for soldering and galvanizing, 445 
Food 

glycerine in, 423 
glycerol as a, 403 
quick freezing of, 275, 288, #4 
Foots, 121, 124, 127, 128,133 
chlorohydrins from, 335 
disposal of, 139 
polyglycerols in, 367 
Formaldehyde, 206, 338, 339, 341, 387 
Formic acid, 206, 338, 339, 340, 341, 399 
Fractionating columns, 132 
Free fatty acids 
calculation of, 20 
in fats (acid value), 21 
Freezing point 
of antifreeze solutions, 274 
of glycerol, 272 

of glycerol-ethylene glycol-water, 275 
of glycerol-methanol-water, 275 
of glycerol-water, 272 
Furfural, 38, 312 

Garriguc system of distillation, 122 
Gelatin dynamite, 438, 439 
Gelatin-glycerine mixtures, 440 
Germicidal activity, 400 
Glass cleaning compositions, 444 
Glass fabrication, 444 
Glonin, 362 
Gluconic acid, 400 
Glue-glycerine mixtures, 440 
Glycernldehydc, 337, 338, 339, 341, 398 
Glyceric acid, 337, 338, 339, 341 
Glyceric aldehyde. See Glyceraldehyde 
Glycerides, 12, 346. See also Fats, Oils 
composition of, 14 
occurrence of, 1 
of known structure, 348 
preparation of, 349-360 
Glycerin (glycerine). See Glycerol, defi¬ 
nition of 


Glycerogen, 79 
Glycerol 
definition of, vii 
discovery of, 1 

Glycerol acetals, 349, S76-S79 
Glycerol acetates, 344 
Glycerol amines, S76-S76 
oxidation with periodate, 376 
Glycerol arsenite, 365 
Glycerol benzoates, 174, 547 
Glycerol borate, 365 
Glycerol bromohydrins, 366-667 
Glycerol butyrates, 346 
Glycerol carbonates, 346 
Glycerol chlorohydrins, 351-356, 373 
reaction with alcohols, 373, 374 
alkali, 369, 370 
ammonia or amine, 375 
hydrosulfides, 374 
sodium, 370 

sodium glyccroxides, 368 
sodium iodide, 357 
Glycerol caproatcs, 346 
Glycerol carbonates, 346 
Glycerol dichlorohydrin, 81, 82, 353, 354 
366, 356 

reaction with alcohols, 373, 374 
reaction with alkali, 373, 374 
reaction with ammonia or amine, 375 
Glycerol dinitrate, 361, 362 
Glycerol epibromohydrin, 370 
Glycerol cpichlorohydrin, 81, 352, 370, 
375 

Glycerol iodohydrins, 357 
Glycerol ketals. See Glycerol acetals 
Glycerol lactates, 346 
Glycerol monochlorohydrins, 343, 347, 
353, 554, 357. See also Glycerol chlo¬ 
rohydrins 
isomers of, 369-363 
titration of, 354 
Glycerol liquors 
concentration of, 101 
treatment of, 90 
Glycerol monoglycolate, 346 
Glycerol mono-dMeucinate, 347 
Glycerol nitrates, 361-364 
Glycerol nitrite, 361 
Glycerol a-(p-nitrobenzoate), 347 
Glycerol oxalates, 344 
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Glycerol phosphates, 364 
Glycerol phosphites, 364 
Glycerol phosphoric acid, 77, 864 
Glycerol propionates, 345 
Glycerol sulfates, S58-S60 
Glycerol sulfides, 374 
Glycerol tribenzoate, 174 
Glycerol trichlorohydrin, 81, 354, 856, 
375. See also Glycerol chlorohydrins 
Glycerol tri-(3,5-dinitrobenzoate), 174, 
347 

Glycerol tri-(N-phenylurethanc), 174 
Glycerol tri-(p-nitrobenzoate), 175 
Glycerol trinitrobenzoate, 361, 868, 437 
Glycerol valerates, 346 
Glyccrose, 341 

Glycidol, 352, 361, 368, 869-870, 373, 374, 
375 

Glycolic acid, 338 
Grease, 30 

Half crude glycerine, 98,104,105,107 
Hazen color standards, 233 
Heat of combustion, 315 
Heat of formation, 315 
Heat of fusion, 291 
Heat of solution 
in ethyl alcohol, 315 
in methyl alcohol, 315 
in water, 812-816 
partial, 288 

Heat of vaporization, 291 
Heavy metals, U.S.P. test for, 160 
Hectograph mass, 441 
Hemophilus pertussis, 397 
Ilcxaglycerol, 367 
octaacetate, 368 
High-gravity glycerine, 155, 161 
Hydrates of glycerol, 245, 267 
Hydracrylic aldehyde, 382 
Hydraulic fluids, 446 
Hydrochloric acid, 90, 145, 343, 352, 353 
Hydrogen peroxide 
bleaching glycerine with, 142 
oxidation of glycerol with, 338, 339,341 
Hydrogen sulfide, 374, 375 
Hydrogenation 
of acetals and ketals, 349 
of fats, 72 


of fatty acids, 72 
of glycerol, 341 

Hydrogenolysis of carbohydrates, 79 
Hydrolysis of fats, 63-71 
by batch .autoclaving, 59 
by Twitchell process, 54, 66 
continuous, 54, 61 
with acids, 54 
Hydroxyacetaldehyde, 387 
Hydroxy groups, reactivity of, 335, 343, 
358, 382 

Hydroxypyroracemic acid, 337 
Hydroxypyruvic aldehyde, 337, 339 
Hygroscopicity 
of glycerol, 271 
of polyglycerols, 367 

Ice bags, 446 
Ice cream, 424 

Industrial white glycerine, 166 
Infrared absorption, 324 
Inks, 447 

Interesterification. See Ester inter¬ 
change 

Insecticides, 444 
Ion-exchange 

glycerine purification by, 11,2-160 
with boric acid resins, 366 
Ionic effects, 318 
Isomerism 
of acetals, 377 
of bromohydrins, 356 
of chlorohydrins, 352, 354, 355 
of esters, 343 
of ethers, 373 
of iodohydrins, 357 
of nitrate, 361 
of phosphate, 364 

Isomers produced by epoxide ring open¬ 
ing, 369 

Isopropyl iodide, 342 
Isopropylidene glycerol, 349 
monochlorohydrin, 369 
Isotopic carbon, glycerol labeled with, 
387, 399 

Ittner glycerine still, 125 

Karl Fischer moisture determination, 194 
K-nitroglycerine, 361 
Ketals. See Acetals 
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Lactic acid, 88, 399 
dl -Lactic acid, 337 
Lard, 25 

Lead glyccroxidc, 339, 385 
Leather, 442 
Lecithin, 13 

Lethal dose of glycerol, 411 
Lime. See Calcium oxide 
Litharge glycerine cement, 385, 449 
Loss of glycerol 
in bleaching, 142 
in concentration, 103 
in refining, 103 
Lovibond color glasses, 230 
Lubricants, 443 
Lye ratio, 43, 52 

Magnesia, 60, 100 
Magnetic susceptibility, 316 
Mannitol, 80 
Meat casings, 424 

Medicine, 400, 402, 403, 411, 414, 415, 419, 
V>5 

Mcsoxalic dialdehyde, 337 
Mesoxalic acid, 337 
Metabolism of glycerol, 402, 408 
Methyl glycerol, 337 
Methyl iodide, 379 
Methyl sulfate, 373 

Microbacterium tuberculosis, cultivation 
of, 397 

Micrococcus pyogenes, bactericidal ac¬ 
tion and,400 

Microorganisms, utilization of glycerol 
by, 397 

Migration of ester groups, 343, 348 
Mixed acids for nitration, 363 
Modeling clay, 447 
Mold, glycerol as nutrient for, 397 
Molecular weight, 335 
apparent, 267 

Monocarbocthoxyglycerol carbonate, 347 
Monocarbomcthoxy glycerol carbonate, 
346 

Monoglycerides, 13, 343, 349, 850, 428 
commercial, 429 
composition of, 351 
determination of, 207 
in cosmetics, 428 
in foods, 429, 430, 431 


manufacture of, 350 
structure of, 348 

Monosodium glyceroxide, 343, 345, 347, 
368, 882 

preparation of ethers with, 373 
Muriatic acid. See Hydrochloric acid 

Naphtha, 38 

Neutralization equivalent, 20 
Neutralization value, 20 
Nitroglycerine, 1 , 862 , 426, 437 
Nitromethane, 387 
Nomenclature, 335 

Odor, 234 

removal with hydrogen peroxide, 142 
Oil. See also Fats, Glycerides 
composition of, 14 
definition of, 12 
Oils, vegetable and fish, 21-27 
Oxalic acid, 339, 340 
Oxidation of glycerol 
by biochemical action, 341 
by bromine, 339 

by dichromate, 187 , 204 , 205, 227 , 888, 
341 

by electrolysis, 341 

by hydrogen peroxide, 338, 339, 341 

by lead tetraacetate, 338 

by nitric acid, 339 

by oxygen, 340 

by periodate, 189, 206, 338 

by permanganate, 338, 349 

by photochemical action, 339, 341 

by radium radiation, 339 

by salts, 337, 339, 385 

Pale straw industrial glycerine, 166 
Paper, 436, 477 
Partial pressure, 265 
Pentaglycerol, 367, 368 
Pentaglycerol heptaacetate, 368 
Periodate oxidation. See Oxidation 
Perglycerol, 341 
Peanut butter, 425 

Penicillium, citric acid formed by, 397, 
400 

Phosphatides, 13 
Phosphoglyceric acid, 77 
Phospholipids, 13 
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photography, 442 
Polishing preparations, 445 
Polyglycerol, 866 
acetates, 368 
analysis of 

in “diglycerol,” 213 
in glycerine, 215 
in foots, 367 
separation of, 368 
Polyhydric alcohols, test for, 173 
polymerization of glycerol, 166, 366 
potassium hydrosulfide, 374 
Printers’ rollers, 80, 441 

Production of glycerol 
by alcoholysis of fats, 74 
by continuous high-pressure hydroly¬ 
sis of fats, 61 

by fermentation of sugars, 2, 76 
by hydrogenolysis of carbohydrates, 79 
by hydrolysis of fats, 2, 68, 59 
by intercsterification, 74 
by saponification of fats, 2, 41, 45 
by synthesis for propylene, 80 
by Twitchcll process, 56 
statistics, 4 
Propane, 38, 342 

Propionibaclerium, glycerol utilized by, 
397, 398, 399 
Propylene, 80, 342 
Propylene iodide, 342 
Propylene glycol 

determination of in presence of gly¬ 
cerol and trimethylene glycol, 210, 
215 

formation of, by reduction of glycerol, 
79, 341 

oxidation of, by periodate, 206 
toxicity of, 412 
Purification of glycerine 
by crystallization, 277 
by ion-exchange, 11,2-150 
for analysis, 167-171 
with boric acid resins, 366 
Pyrolysis of glycerol, 379 
Pyruvic acid, 77, 339, 398, 399 
Pyruvic aldehyde, 339 

Quick freezing, 275, 288, 1,21, 

Raman effect, 325 


Raoult’s law, 271 

Reactions of glycerol. See also Oxidation, 
Reduction 

with acetic acid, 201, 344 

with acetone, 377 

with acetylene, 378 

with air, 338, 339, 341 

with aldehydes, 376 

with alkalis, 882-381, 

with aminoanthraquinonc, 386 

with anthrol, 386 

with arsenous acid, 365 

with bases, 340, 382, 384 

with borax, 366 

with boric acid, 365 

with bromine, 357 

with calcium oxide, 383 

with chloroacetic acid, 345 

with citric acid, 1 

with fatty acids, 342, 350 

with formic acid, 343 

with hydriodic acid, 216, 341 

with hydrobromic acid, 356 

with hydrochloric acid, 862-866 

with ketones, 376 

with litharge, 385, 449 

with nitric acid, 1, 339, 361 

with nitrous acid, 361 

with oxalic acid, 344 

with phosphorous acid, 364 

with phosphoric acid, 364 

with phthalic anhydride, 432 

with potassium hydroxide, 340, 882 

with propionic acid, 345 

with pyrene, 386 

with rosin, 431 

with salts, 382 

with sodium, 382 

with sodium hydroxide, 340, 382 

with succinic acid, 1, 432 

with sulfur monochloride, 354 

with sulfuric acid, 868-360 

with tartaric acid, 1, 432 

with thionyl chloride, 354 

with trichloroacetic acid, 345 

with vinyl ether, 378 

Reagent grade glycerine, 162 

Reduction 

of fats with sodium-alcohol, 33, 72-71, 
of glycerol 
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Reduction—cont’d 

by hydrogenation, 341 
by hydriodic acid, 216 , S 41 

Refining of glycerol, 114 
losses and yields in, 151 
Refractive index, 321 
analytical use of, 199 
for electrical waves, 323 
for x-rays, 323 

of glycerol-ethyl alcohol-water, 323 
of glycerol-ethylene glycol-water, 275, 
323 

Refrigeration, 275, 288, 446 
Relative humidity, control of, 271 
Resins 

alkyd, 482-436 
ester gum, 4SI-4S2 
Rubber, 443 

S. cerevisiae, glycerol formed by, 77 
S. ellipsoideus, glycerol formed by, 78 
Salt 

boiling points of glycerol-water solu¬ 
tions of, 254 
handling, 107 
recovery, 95, 104 
solubility in aqueous glycerol, 312 
Salt box, 101, 105, 108, 111, 129 
Salt crude. See Crude glycerine, Soap lye 
Saponification, 41 

Saponification crude glycerin. See 
Crude glycerine, saponification 
Saponification equivalent, 20 
Saponification value, 19, 20 
Schotten-Bauman reaction, 347 
Sclachyl alcohol, 371, 372 
Separator, 102 
Flick, 103 
Weber, 137 
Soap 

determination of glycerol in, 196 
glycerol in, 41, 446 
Soap fats and fatty acids, 30 
Soap films, 446 

Soap lye crude glycerine. See Crude 
glycerine, soap lye 
Soap making 
centrifugal system, 48 


cold process, 41 
full-boiled process, 42 
semi-boiled process, 41 
Soda ash. See Sodium carbonate 
Sodium, 33, 72, 73, 373 
Sodium bisulfite, 398 
Sodium carbonate, 35, 38, 53, 90, 140 
Sodium glycerophosphate, 364 
Sodium glyceroxide. See Mono-, Di-, Tri- 
sodium glyceroxide 
Sodium hydrosulfidc, 374, 375 
Sodium hydroxide, 34, 35, 41, 50, 75, 90, 
91,94 

Sodium periodate. See Oxidation, peri¬ 
odate 

Solubility 

in glycerol 
flavors, 302, 308, 310 
gases, 296 
gelatin, 312 

organic compounds, 295, 305, 308, 
311, 312 

pharmaceuticals, 302 
salts, 303 , 305, 311 
sodium chloride, 254 
starch, 387 

of fatty acids in water, 62 
of glycerol in 
liquid carbon dioxide, 302 
organic liquids, 295-296, 312 
water, 295 

of water in fats and fatty acids, 62 
Solutions of glycerol in water, composi¬ 
tion by weight and volume, 244 
Sorbitol, 80, 441 
Sound transmission, 329 
Spaeth-Hutchison water determination, 
200 

Specific gravity, 328 
determination of, 193 
Specific heat 
of glycerol, 287 
of glycerol-water, 288 
of glycerol-ethyl alcohol-water, 288 
Specific volume, 248 
Specifications, 114, 155 
American Chemical Society, reagent 
grade glycerine, 162 
British, typical for refined grades 165, 
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British Pharmacopeia, 160 
British Standard, for crude grades, 164 
E. I. du Pont de Nemours & Co., 
dynamite grade, 166 
Nobel Explosives Company, Ltd., dy¬ 
namite grade, 166 

United States Federal, refined grades, 
161 

United States Pharmocopeia, 161 
Spent lye treatment, 91, 97 
Stability, 341 

Standards. See Specifications 
Starch, solubility in glycerol, 387 
“Starch Glycerite,” S87, 425 
Statistics on use of glycerine, 3, 9, 477 
Static electricity, control of, on paper, 
477 
Stills 

Garriguc, 122 
Ittncr, 125 
Lurgi, 132 
Scott, 132 

Van Ruymbeko, 119 
Succinic acid, 1, 88, 399 
Sucrose 

hydrogenolysis of, 79, 80 
solubility of, in glycerol, 308 
Sulfur derivative of glycerol, 374 
Sulfur raonochloride, chlorohydrins pre¬ 
pared with, 354 

Sulfuric acid, 1,53,54,58,95,99,100,139, 
145 

Surface energy, 325 
Surfaco tension 
of glycerol, 325 

of glycerol-ethyl alcohol-water, 327 
Sweetwater, 101, 124, 125, 138 
autoclave, 100, 107 
concentration of, 107 
fermentation of, 399 
from distillations, 138 
Twitchell, 97 
Synthetic glycerol, 80-83 

Tallow, 25, 30 
Tartronic acid, 337, 339 
Tartronic dialdehyde, 337, 341 
Tartronic semi-aldehyde, 337 
Taste, 330, 419 


Ternary mixtures, 254 
Tests for glycerol. See Analysis and tests 
for glycerol 
Tetraglycerol, i 367, - 368 
hexaacetate, 368 
Textiles, 1, 440 
Thermal conductivity, 312 
Thermal expansion, 243 
a-Thioglycerol, 874-376 
Thiouyl chloride, chlorohydrins pre¬ 
pared with, 354, 356 
Tobacco, 439 

Topical application of glycerol, 412, 419 
Toxicity of glycerol, 1,10-416 
Transparent soap, 446 
Transplanting seedlings, 444 
Trichloropropane. See Glycerol tri- 
chlorohydrin 
Triglycerides, 13 

selective precipitation of, 38 
Triglycerol, 367, 368 
pentaacetate, 368 
Trihydroxyglutaric acid, 341 
Trimethylene glycol 
determination of, 210, 215, 219 
formation by E.freundii, A. aerogencs, 
398, 399 

from fermented fats, 88, 89 
from low-grade fats, 138 
not oxidized by periodate, 206 
Trisodiuln glyceroxide, 383 
Trithioglycerol, 375 
Trityl chloride, 348 
Twitchell process, 54, 56 
Sweetwater treatment, 97 

United Kingdom Glycerine Producers’ 
Assoc. Ltd., 6 

Vapor composition of glycerol-water, 
265, 268 

Vapor compression for evaporation of 
lyes, 113 

Vapor pressure, 117, 260-271 
of glycerol-methanol, 270 
of water over glycerol solutions, 268 
relative, 269 

Uses of glycerine, statistics, 3, 447 
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Vacuum, production of, 103 
Viscosity 
of glycerol, 278 

of glycerol-ethyl alcohol, 285, 286 
of glycerol-ethyl alcohol -water, 285, 
286 

of glycerol-methanol, 286 
of glycerol-sugar-water, 287 
of glycerol-water, 278 
at high pressures, 285 
at high temperatures. 283 


effect of electrolytes on, 285 
supercooled, 283 
Vitreous glycerol, 277 

Water colors, 447 

Yeast, glycerol as nutrient for, 397 
Yellow distilled glycerine, 155,-162 

Zeisel-Fanto method of analysis, 216, 342 
Zinc oxide, 60, 100 
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